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The ability to converse effectively with technicians has 
been recognized as a critical skill for managers of data 
processing activities. This need has been addressed by the 
Association fcr Computing Machinery in tneir recommended 
curricula fer the educaticn of Information Systems spéecial- 
ists. Members of the Association have also described «he 
functions cf a graduate cf those curricula to be that ofa 
boundary spanner anda change agent. Other authors have 
identified that these skills need to be gained in practical 
environments, and that the manager needs to know at least a 
Minimum cf the technical language in crder to sslect geod 
mechhecians fer ehsoestaftti, and © coffmumicate with that 
staff effectively. At the Naval Postgraduate School a 
course of instruction in technical aspects of the computer 
was designed into a newly construct2d microcomputer labora- 
mOny This tkesws is the report of the evolution of that 
frypOora-Ory and ceurse of instruction. 
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I. INTRODUCTION TO THE LABORATORY 


EE HEP Fe eee SESS a ee aa eee 


A. RATIONALE FOR THE LABORATORY 


In 197Z Oliver Wight identified a problem for executives 


who knew too little about how computers work. 


"What a great job the technicians have done in creating 
a ccmputer "mystigque."...the computer technicians have 
sold [the executive} a bill of goods that he must und2r- 
Stand hcw the computer works... Bic Wohas he rsadily 
needs tc know about how the computer works is very 
limited indeed, and when technicians create a "mystique" 
axccund the machine--a barrier fcr the manager--they nor 
only make hig dependent upon ‘them, but they also Seri- 
Ously impair his ability to make intelligent decisions 
abcut the use cf the cosputer.”" [Ref. 1] 


Wight's warning was that the executive should not try tc 
become a téchnician himself, but t*that ho? needs to know 
enough about what the computer system could do and how it 
does it tc make scund managerial decisions. This requires 
some knowledge of the technical jargon used by specialists, 
but net a full technical ccmpetency. At a minimum, he must 
b2 able to overceme the mystique of the computer and under- 
stand it as a management tcol. 

Despite this warning that the executive must not be 
Saeectnaded by cOMputer mystique, ‘the current state of 
affairs is such tnat many top executives are not always 
fully able tc feretrate that mystique and make those intel- 
ligent decisions. In a recent article Debra Zanay indicat+ed 
that many retsinesses which ara hiring graduates with Masters 
in Business Administraticn degrees are using them in data 
Peeeeoo ag enunc ens,  princapally to improve communication 
between technical and non-technical starf. This is a result 
of the "shertage cf programmers and technical people who can 


communicate with nontechnical staff." (Ref. 2} 








Chviously, the inability of the ¢xecutive to communicat> 
effectively with the technical staff in tha computer opere2- 
tions ar¢a is an area of growing concern to top management 
executives. In cne of the latest textbooks on management cf 
information systems the author states 


"The ccmplexities of developing IS {information 
services} systems has ferced the creation of specialized 
departments resulting in a series of strained relation- 
Ships with the users of their service. . . . IS has 
specialized in order to harness the various necessary 
technical skills to get the Bee te The specialists 
have appropriately develcped their own language systems. 
They speak cf bits, bytes, DOS, CICS, (an SO on t0O 
communicate? among eac Other. General management, 
however, has a2 quite different language, teaturing words 
such as sales growth, return on investment, and produc- 
tivity." [Ref. 


The writers of that statement donot argue that <‘«he 
language created by the technicians 1s to blame for the fact 
tha communicaticn is poor between tachnicians and managers. 
They term the language systems that have been developed 
"appropriate." The fault for the lack of communication lies 
partly with managers who cannot understand the most basic 
vocabulary of ccmputers and partly with technicians who 
cannct understand zhe most Dasic vocabulary of management. 
The education of business administrators in basic technical 
vocakulary can be addressed by assigning MBAs to jebs in the 
management cf data processing operations as an 2ntry-level 
position, tuc as Zahay points out, "{This voractice} is often 
a stcpgap scluticn to the problem of communication between 
functional areas and systems Starr. " Phen. 4 Pe ctoes 
apparent that there is a problem of poor communication 
between the nen-EDP business manager and the computer scien- 
tist and programmer. 

The Association for Ccmputing Machinery views the rele 
of the informaticn systems specialist as a bridge between 


these two diverse arcaes. One educator in IS said, "The 








information system designer {and} igpiamenter is 4 boundar 


Spanner and a change agent. Therefore, the organizational 


knowledge shcuid include an understanding of the typical 
problems encountered by boundary spanners and change agents 
and the ccmmcn concepts, strategies and tools reguizred of 
Piesandividuals enacting such roles." [Ref. 5] In order for 
the manager tc act as this boundary spanner, he must have a 
working kncwledge of the areas he is to span. TiStect the 
ACM delineates the graduate of the recommended IS curriculun 


thusly: 


"1. The Informatior Systems curriculum teaches inform 

ticn system ccncepts and processes with the two context 
of organizaticnal functicns and manaqement knowledge a 

technical information systems knowledge... 


2. The Infcrmation Systems graduate is expected to work 
Within the environment of jan organization and <tc 
mmeeract With beth crganizational functions and computer 
technology. 


3. .In_technical expertise the Information Sys 

curriculum places substantial emphasis cn the ability 

develop an infcrmation system structure [or an organiza- 

Ree aiNs to design and implement app lteeat2one. 
ef. 


ct 
(D 
| 


This is not tc imply that the technical expert need not be 
mindful of the need tec communicate with non-technical staff. 
Indeed, the need for the technicians to be able to communi- 
cate with lay persons has already teen clearly identified 
{Ref. 7]. Hewever, tne training of technicians te communi- 
cate with the lay individual does not relieve management of 
tne responsibility of having some basic skiil in «he tech- 
Mecalvweseay, 6f only in the terminology. This training obvi- 
ously need net be so technical as that of the technician, 
but should ce deep enough that the manager may reascnably 
communicate with the technician and be able to evaluate and 
hire a technically competent staff (Ref. 8}. Ideally this 
training shculd be consistant between information system 


specialists, Czm problems will undoubtediy deveiono both 


10 





Within and without the organization as the translators need 
somecne to translate between them as well. 

In the curriculum description for the Graduate Education 
program the ACM called for "... knowledge of basic hardwere 
fand} software components of computer systems, and their 
patterns of configuration [{Ref. 9}. In the descripticn of 
the recommended course centent, <he ACM further specified 
"DrocesSCr, memory, inputycutput, mass storage, remote tran- 
SMissSion modules; function and pessible realization of esach" 
were to be the subjects cf the Computer Systems course of 
the curriculum [Ref. 10}. Additionally, the ACM provided 
this raticnale for the inclusion of a course in computer 
Gereerts in tke curriculum, "I* is important for the student 
to pessess a Eroad familiarity with fundamental concenots and 
terminology associated with computer hardware systems and 
operating systems." [Ref. 11] 

The desire tc enable the information system manager to 
be cenversant with the technical language as well as the 
financial language creates some unique problems for the 
schocls which cffer ar information systems curriculun. At 
the Naval Fostgraduateé School, for instance, the students 
have a variety of educaticnal backgrounds, ranging from the 
more technical degrees in computer science, physics, endqi- 
meering, etc., to the liberal arts degrees in such diverse 
majors as psychology, English, étc. Scme of the students 
have highly skilled financial backgrounds, including a few 
with MBAs and many from the Supply Corps. Somes have a wide 
experience in working with computers on a daily basis as a 
result of previous tours cf duty in data processing centers 
of various sizes. The challenge for thea curriculum managers 
2s te provide sufficient course work in both the financial 
and managerial arenas as well as the technicai informaticn 
on the functicning cf ccmputers to provide the qraduates 


With at least the minimum skills called for by the ACH 
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curriculum guidelines. This challenge is made more diffi- 
cult by the requirement that the student officers he 
returned te nen-Scholastic duty as soon as —: The 
standard ccurse of instruction, then, must have the requi 
site coursework, but at such a level that the somewhat exre 
rienced student has a challenge and the novice is not lef 
behind. 

At the Naval Postgraduate Schooi the traditional 
appreach of classroom lectures has been used to provide the 
courses which ccver the hardware and cperating systems. 
Only one of the courses normally in the Comouter Systems 
Management curriculum has a technical laboratory associated 
weth it: CS. Zany which is an elementary structured 
programming course in which PASCAL is taught on an IBM 3033 
aS an adjunct to the structured programming concepts 
[{Ref. 12}. Ncne of the required courses has any practical 
exposure tc the subject hardware or software, although scme 
do offer expcsure to development cf software as a product of 
a design program. The school does offer courses in other 
curricula that can provide the information systems student 
with this technical background. Due <o scheduling 
conflicts, hcwever, it 1S not always practical for every 
information systems student who wishes +o include these 


Gemeees 1n His studies tc be able +0do0s0.! In a similar 


circumstance, where hardware concepts are taught in the 
The curriculum presently allows the ee student 
four guarters in which he may take one elective course per 


guartez, and that elective must normally come from one of 


Seen et redetermined Subsets of course orfer ings | called 
hasis Areas (EA). This systen is driven somewhat by the 
nl ofc ban nature cf the SE meol , in that ¢he various “warfare 


ae aaa of the curriculum have education needs which should 
be met as well as the traditional academic requirements for 
a Masters Degree in Information systems. Lf a Student 
Wishes to také a course outside the ncrmél Sequence fOr 2S 
EA, it mast be taken as an overload, or as a replacement mor 
a course in which the student can mocoi= Veledat Ons tor 
previous Study of experience. Validation is carefully mon: = 
cOL@d tO Maintain academic integrity, and the mors usual 
circumstance is that the student must overload to nove inte 
non-traditicnal ccurses. 
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classroom cy lecture, Ccok described the computer science 
curriculum at Central Michigan University as having "A major 
failing...the absence of a digital logic laboratory for the 
course. The design prcklems and the operation of the 
ArithmeticyLogic Unit and control unit could be made much 
more understandable to the student if such a laboratory were 
available." (Ref. 13] It is therefore logical to decide 
that the implementaticn of a hands-on laboratory for logical 
device training weuld be cf major benefit to the students in 


an informaticn science curriculun. 


Be. ESTABLISHAENT OF THE LABORATORY 


In 1980 it was decided that the Administrative Science 
Department, the department of the Naval Postgraduate School 
responsible for administering the dégree of Master of 
Science in Information Systems, would install a microcon- 
puter laboratory for the students and faculty of the schecl 
to use for res¢arch. The opportunity was seen to incorpo- 
rate into this laboratory a course of instruction in the 
technical area that the faculty could use #9 supplement the 
Classroom work and that the student could us@ to #xplore 
further the technical aspects of computing and computing 
equipment. In addition the laboratory would provide the 
Student with the cpportunity to work with microcomputers and 
desk-top computers. The laboratory would also supperz 
thesis work by students as well as the faculty research 
taking place at the school. 

The labcratory was envisaged as spanning the technolo- 
gical levels from the simplest logic circuits to the mest 
complex microccmruting system and local networks with peri- 
Dheral I/O and t¢lecommunication equipment. The laboratory 
was tc have a ccherent ccurse of instruction to assist the 


Student in learning as much as he wished on each of the 


13 








technological levels. In addition, it was planned to incor- 
porate sufficient equipment that ultimately the labozatory 
could be used to simulate the functioning of a full computer 
center and thus be used as a teaching aid in the course for 
computer center operations. 

It was decided to supplement the users manuals thax came 
With the equipment of the laboratory with additional educa- 
tional and training materials, principally because the 
general guality of users manuals provided with *he systems 
Was [fOOr. It appeared that those manuals were written with 
the assumpticn that the user was to be knowlegqeable cf «he 
subject aréa as @ prerequisite to using the manual. The 
overall intert cf the labcratory was that the novice student 
would be able to learn the technical language and operaticns 
Meemeur havane tc decipher an intensely technical journal of 
lnstructions. Additionally, the laboratory was unique to 
the Naval Festgraduate Schcol, and few texts were availakie 
for self-paced werk of this kind. Therefore, the decision 
was made to create the texts in-house, using atean of 
students tc produce them. The same team of text-writears was 
also to manacé the installation and construction of the 
Varicus computer systems that were to go in the laboratory. 
This thesis 1s the report cf that development effort. 
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II. CCNSTROCTION OF THE EQUIPMEN 


A. EACKGRCUND 


The basic groundwork fcr the Laboratory was initiated in 
1980 when Professor N. Schnéeidawind proposed and had 
approved the furdamental concept of a student and faculty 
learning center. At that time the NPS computer center was 
installing a new mainframe computer and would require all 
available room in Ingerscll Hall as remote terminal sites. 
In September cr 1982 the room originally chosen for the 
instructional laboratory space was cleared of the terninals 
and constructicn was started on the laboratory. The authcrs 
were aintreduced to the project duting the ‘two months 
preceding the construction phase and began by updating the 
*wo year cld werk régquest that had initiated the acticn. 
The problems encountered and mistakes made during the 
constructicn phase will be discussed in this chapter. 


Be EVOLUTION OF THE LABORATORY 


During the development of the laboratory, che United 
States Coast Guard offered to locate a multi-user microccn- 
Bimeer in the labcratcry. In the interest of obtaining a 
system with high order languages and application programs 
installed, +he Administrativ2= Sciences department accepted 
the coffer. There was no delay in the development of the 
laboratory as a result, hewever a re-alignment of goals and 
objectives was required of thea authors in order to accomno- 
dat2 the introduction of this additional system to the lako- 
Tatory. The authors were directed by Professor Schneidewind 
to plan the physical placement of the Coast Guard systen in 


the front reom of the two room laboratory. On 19 Nevember 
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Cl Mee 


(i) 


the Ccast Guard system was moved into the lab and plac 


iD 


operation. Of the original 8 work stations present in ta 
front room, all but two were taken by the system, leaving 
little space for other types of equipment. 

The first piece of equipment received for the laboratory 
was the Intel Prompt-80 microprocessor deSign and training 
device. One of the authors was assigned the tasks of 
reviewing all the documentation accompanying the Prompt-80 
and develoring auser manual that would allow a4 computer 
novice to begin self-paced education at the machine language 
level. 

The next equipment received was the Heathkit Digital 
Logic Trainer (in an unassembled kit form). The assignment 
for cne of the authors was to assemble the kit and prepare a 
user manual that would allow a computer novice to educa~+¢ 
himself on the digital electronics level of computers. The 
same authcr received the Heathkit Digital Techniques self- 
instruction ccurse for review and evaluation. 

The third author was assigned the «tasks £ reviewing a 
Series cf pre-recorded cassette tapes prepared by SYBEX, 
Inc, aS a tutorial on micrecomputers, interfacing techniques 
and computer architecture, and preparing @ synopsis on ¢ach 
tape selectzid ror the labcratory. 

The abcve wentioned prejects were performed in parallel 
Tao ene sGCONStEUCCTOneOf the rcom which began in August, 
i9¢2. By 21 October the tutorial on the Prompt-80 was 
nearing completion, and ry 6 November the Heathkit Digital 
LOgic Trainer was assembled and tested. Minty MPSakoni ele 131(9, 
manual was submitted tc Professor Schneidewind on 11 
November fcr é€xamination and recommendations. Rie (Soon ail 
for the Heathkit Digital Logic Trainer was submitted on 25 
November and ky 29 November the Heathkit Digital Techniques 
self instructicnal course had been thoroughly reviewed and 


Was returned tc Protressor Schneidewind. Hae Ore- &Seosdacd 
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cassette tapes were reviewed and the synopsis prepared for 
the laboratory by 15 Decsmter 1982. ; 

A second round of equipment construction was begun at 
the end of December with the assembly of a Heathkit 4H-9 
videc terminal. A Heathkit H-25 dot matrix printer and H-89 
computer with H-17 external disk drives followed in January. 
This work was completed by one of the authors, and he began 
Writing intreductory tutorials for these additional pieces 
of equipment. Another of the authors was assigned the task 
of writing auser's manual for the Intel SDK-85 microcon- 
puter experimentation device. The third author began assen- 
bling a series cf digital electronics 9xperiments that could 
be performed cn the Heathkit Digital Logic Trainer or tha 
E & L Instruments, Inc. “Ligi Designer" device. 

By 28 February all ccnstruction and preliminary writing 
was completed. The authors then pegan compilaticn of infcr- 
maticn and data required tc include in this thesis. 

It should be mentioned at this time that durin the 
academic quarter from January to March, 1983, the front recon 
of the labcratcry was opened for student use, with the Coast 
Guard multi-user system and three modim -#quipped terminals 
Installed to permit access to the ARPANET for the courseé on 
telecommunications. 

A brief summarizaticn cf events and cumulative time 
required fcr each is listed as figure 2.1. The time summary 


Berm one -UtoOtial preparation is included in a later chapter. 


C. CESIGN AND CCNSTRUCTICN CONSIDERATIONS 


One frime consideration in the development of the laro- 
ratory was to oresent a friendly, well defined setting for 
anyone interested in learning about microcomputers and 
digital electronics. The importance of a friendly user atno- 


Sphere cannot be over emphasized, particularly sSinc® most 


17 





— 





f | 
FVENT | MANHOURS | 
Collecting compcnents 

fcr experiments 58 

Interfacing equipment 3 
Flanning, paperwork and. | 
| iscussicns with advisors 4g | 
| Mongeominge:cr construction | 
| rrogress ag | 
Teed a 142 hrs. | 
La J 


Figure 2.1 MANHOUR ALLOCATION. 


people facing unfamiliar e¢quipment feel a certain level of 
apprehensicn. With this gcal in mind, the authors planned 
for eguipment that would provide a logical learning contin- 
uity from the digital electronics level to higher level 
languages and application programs. 

At the outset of the project, the Naval Postgraduats 
Schocl already cwned some of the equipment to be used, a 
Heathkit H-8 comruter, Heathkit H-9 terminal, an Intel 
Eisele t— oO , and an Intel SDK-85 system design kit. The 
authcers requested that additional computer e¢quipment ba 
logically related to this inventory. As a result a Heathkit 
H-89 computer and axternal disk drives were ordered for the 
ifeseoratory. This chceice provided the laboratory with a 
contiguous line cf equipment that was from the same family 
of céertral precessor units. 

The seguence of events during the constructicn of the 


(0 


Ss, been 


laboratory and the equipment could have, ax tin 
port shouid 


described as fraught with problems. This ‘se 
assist the reader in developing and buiiding an instruc- 
tional laboratcry by presenting some of the pitfalls encoun- 
tered and ccnsideraticns necessary tom a successful 
installaticn. 
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iemetouweung seecicnS will highlight those items zhat 
reguire planning and decisions based on the desired use of 
the laboratory. 


1. Eguirment and Software 


Although it would appear that equipment and software 
sélection would contain the bulk of decisions concerning a 
project of this type, that is not necessarily the case. fhe 
choice of software is, cf course, very significant if a 
Particular application is important to the use of the lab. 
Care should be taken to select software and hardware that 
meets all projected needs, is relatively 2asy to learn and 
use, and is pepular tec the extent that it has a good history 


of use and maintenance. 


z- Physical layout of Room 


In the design of a computer laboratory, there are 
some specific consideraticns concerning the pkysical layout 
of the rocm. In a laboratory like the one at the Naval 
Postgraduate School, it will be necessary to allocate space 
for computer werkstations, peripheral devices such as prin- 
ters and disk drives, lapcratory equipment such as meters 
and cscillesccres, digital training devices, and associated 
documentation. Sufficient storage space for unused equipment 
Should alse Fe frovided. If the laboratory is supposed to 
Suppert several courses, as it does at NPS, there will be 
different equipment required at different times, so large 
storage cakinets should be included in the lab. The counter 
tops for the werk staticns should be designed to make 
maximum usé€ of available wall space. When laying out the 
ficor plan, it 1s important to remember that people need leg 
room and eélbcw room . A collision may occur if there are 


adjacent werk stations located around an inside corner. 
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CMemectetne  fOst Giftficult decisions will be «he 
placement cf shared devices such @s printers and plotters. 
The work staticns utilizing these devices wiil reed a 
reascnable path for the connecting cables. Anoxher rfactor 
for consideration is the expected traffic flow and possible 
interference ketween doors, counters, and equipment. 


The rcecem will ccntain electronic equipment, and 
therefore adequate heating, cooling, and ventilaticn should 
be provided. Fach computer by itself will generate only a 
small amount cf heat, but in the aggregate a room full of 
equipment may become warm enough to cause damage to the 
devices. Cne cf the largest scurces of heat will be the 
number of people in the room. Twenty people in a smail roon 
Will have a definite effect on the room temperature. 
Generally speaking, computers function better in a cooler 
envircnment with low humidity. The trade-off to be consid- 
ered is that feople may net use the lab if they are uncecn- 
fortarkly ccld. The best scurce of required temperature and 


humidity levels is the manufacturer's literature. 


4. Electrical Power Requirements 


Most digital electronic equipment contains an 
internal fewer supply and is designed to be plugged into a 
Standard 110-120 volt three pronged (grounded) outlet. For a 
laboratory, at least two cutlets per work station should bea 
installed. Some computers provide auxiliary outlets to power 
peripheral devices, but not all can supply the heavy power 
reguirements of high current devices such as printers. The 
outlets should be located in a convenient location, keeping 
in mind that mest power cords extend from the rear of the 
device. Ancther consideration for electrical power is that 
computers are sensitive te voltage spikes and fluctuaticns 
that cccur cna random but frequent interval. There are 
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filters availaktle to suppress voltage spikes and constant 
voltage transformers or uninteruptable power supplies to 
protect against fluctuaticns. 


5S. Work Station Requirements 





Each werkstation should have enough room for a CRT 
display, a kéeykoard, a computer, and a printer or space for 
a modem and telephone. Since it may be unrealistic to fully 
equip all staticns, the temptation may be to reduce the 
workstation space allocation in an attempt zo save room. If 
the work staticns sfaces are +00 small to move things 


around, a serious degradation cf flexibility can occur. 


6. Cleaning 


A small but significant problem of a computer lakbo- 
ratery deals with routine cleaning. Methods should »be 
provided tc adequately remcve waste paper and trash from the 
lab. If the reem is normally locked, an arrangement with «he 
cleaning service will have tc be made. Speciai cleaning 
solvents and é€gquipment are needed for CRT screens, computer 
cases, and reripheral devices. Disk drives and other equip- 
ment are extremely sensitive to smoke and dirt. It would bea 
a good idéa to provide a whiteboard and felt tip markers 
tnstsad of a standard chalk board. No smoking Signs sheculd 
be vorominently displayed. Cleaning instructions are normally 


included with each piece cf equipment. 
7. Security 


Security of a ccmputer labcratory falls into two 
catagcries. First, considerations must be made concerning 
the physical security of the equipment and soitware in tne 
room. The NPS Instructicnal laboratory is protected with 
cipher locks cn the doors and keyed locks on the storage 


cabinets. The ccmbinations for the cipher locks are released 
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only to perscns who 
ment. Seccndly, the 


read and sign a non-disclosure state- 


software disks for proprietary softwazs 


aré issued ina similar manner, with an agreement not te 


copy proprietary software freing signed prior to issuance. 


De. REMARKS 


The seven tcpics discussed above were ali significant 


considerations in the development of the NPS Instructional 


laboratory. The list 
hensive indicatcr of 
lesscns learned will 


the authors in these 


is by no means intendsd te be a compre- 
all pgessible problems. The chapter on 
discuss several problems encountered by 


led = « 
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III. INSTRUCTIONAL MATERIAL DESIGN AND TESTING 
During the fcrmulation phase of the development of the 
laboratory instructional materials, several areas of consid- 
eraticn were evaluated. It was determined that due to the 
variety of equipment incorporated into the lab, uniformity 
in text style and instructional method should be a major 


factor in the design of the instructional materials. 


A. METHOD 


The two instructional methodologies considered for 
implementation were Computer Aided Instruction (CAI), and 
Maezd-coOpy, printed tutorials. The CAI method of instruction 
1S primarily used for direct institutional support. “Typical 
examples cf CAI are [rill and PEaicmlc 2, eerutorials, 
SimulationyGaning, InguiryyDialogue, Intormation Retrisval, 
and Problem Sclving [{Ref. 14]. CAI 1s accomplished 
+hrough interactive computer tutorial sessions and thus 
requires the availability and use of a computer system. This 
reguirement, coupled with the goal of uniformity in method 
and style, lead to the decision to utilize hard-copy, 
printed tutorials for all instructional equipment used in 
the laboratory. It was decided that printed tutorials would 
provide greater access to the learning materials and would 


allow greater mcbility cf the tutorials for independent 


study. 
B. STYLE 
When appropreiate for the equipment type, tne primary 


style used in designing the tutorials was an adaptation of 


the “Prompt and Response" style [Ref. 15]. This type of 
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instructicn is designed tc prompt the reader to respend to a 
stimulus presented in a frame type format. As adapted for 
use in this labcratory, the response is in the form of an 
acticn taken Ly the reader, thus leading the reader threugh 
the tutorials in a st¢p-Ey-step manner. This instructional 
style provides tke reader with immediate feedback concerning 
the correctness cf the action taken. Additionally, this 
style allcws the reader tc skip lessons previously covered 
or undesired, and to review any materiai covered which is 


unclear. 


C. TUTORIAL USER'S NEEDS 


The first step in deSigning <tne tutorials was to 
consider the gqualiifications and background of the users of 
the laboratory. Their ability level and hackground in eleéec- 
tronics, mathematics, and computer systems were evaluated so 
as tc design iastructional materials best suited to the 
users’ needs andto supplement education received *hrough 
other courses taken at tha Naval Postgraduate School. 
Because the tutorials were being written primarily for grad- 
uate students the authors could assume a high level of schc- 
Ieestic and verbal ability, relatively high motivation 
(participation in this lak may be voluntary), and varying 
acquaintance with the terminology and concepts of elec- 
eon 1CS, mathematics, legic design, and micrecomputéer 
theory. There are no prerequisites for the material 
presented in this lab. It was designed to be studied inde- 
pendently or in conjuncticn with courses such as CS2810, 
Med, cscoos0, €S3200, £52000, 183100, 184183, and others. 
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D. TUTORIAL DESCRIPTION 


Before tte authours cculd begin work on the tutorial 
manuals, they had to learn the equipment and its operations 
sufficiently well to be able to téach it to others. This 
task was made more difficult by the pcor manuals that accon- 
panied some of the equipment. Having mastered the equipr- 
nent, the authcrs then had to become proficient at the 
creation cf programmed texts, and combine the machine skills 
With the writing skilis. The final stage of the labor was 
the actual création of the tutorials. A total of 340 
manhcurs were spent on the research and preparation of the 7 
tutorial sets for use on the laboratory equipment. A brisf 


descripticn of each tutorial set is listed below. 
1. DD-1 Digi-Designer 


The Digi-Desianer tutorial contains a functional and 
physical description of the equipment and its use in the 
Geen GL Iegic Circuits. Included in the tutorial are the 


follecwing topics: 
ae Binary Mathematics 


[Meemresic concepts of binary addition, Sue racGeion, and 
mMultiplicaticn 1s provided for those readers who desire to 


review this tcfpic. 
De Leai:c Desagn 


A review of the concepts cf logic design utilizing AND, OR, 


XOR, and NAND gates is prcvided. 
c. Karnaugh Maps 


The use and techniques cf Kazrnaugh mapping as a tcol for 


reducing Ecolean equations are discussed. 
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dad. Laktoratory Experiments 


Several laboratcry experiments are included to familiarizs 
the reader with the Digi-Lesigner and the vhysical concepts 
of legic design. 


2. Heathkit Digital Legic Training Device 


The tutcrial for the Heathkit Digital Logic Training 
Device was written in the "Prompt and Response" style 
discussed earlier and contains three sections. Part one of 
the tutorial is a functional and physical description of the 
digital console. Part twe contains experiments designed to 
demonstrate correct procedures fcr operation of the digital 
conscle. Part three contains e¢experimenats utilizing logic 
gates. These experiments are designed to provid? a basic 
mipeeemucticn =O logic design concepts and digital Jlcgic 


“bhreadboarding"™. 


(ad 


- Premet 80 


The tutcrial for the Prompt 80 computer is a 
programmed text written in the "Prompt and Responses" linea 
style for ease of use with the computer. Section one of the 
Manual contains a vhysical and functional description cf the 
Prompt 80 console and peripheral ports. Section two provides 
instructicn cn mcdifying the registers and memory and intro- 
duces th2 reader to the task of entering a machine language 
program intc the computer. In section three, this concept is 
expanded Ey shewing the reader how to write a machine 
language fpregqram when given an algorithm. Section four 
contains instruction on the advanced functions of the Prompt 
80, reading and writing to a PROM, debugging machine 
language programs, and scme advanced concepts in nachin: 


language programming. 
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The tutcrial for the SDK-85 was written in the 
"Prompt and Resronse" style and contains three sections. 
Part on@ is a general description of the SDK-85 computer. 
Part two centains a component-by-component functional 
escripticn cf the SDK-&5. Part three contains assembly 
language sample programs and explanations of the additional 
capakilities provided by the 8085 CPU in comparison to the 
8080 CPU used in the Prompt 80. 


Se Sykex self-study Tape Library 


Three ccurses from the Sybex tape library were 
reviewed and selected for inclusion in the labceratory. The 
courses selected were: 

SE3 - Military Microprocessor Systems 
eo - Bit Slice 
SE7 - Microprocessor Interfacing Technigueés 

The manual for the tape library contains a descrip- 
tion of the likrary system and, for each courss, an outline 
describing the ccurse goal, the topics, and the material 
covered within those topics. The brief synopsis of each 
course allcws the reader tc review the material contained in 
the courses and to determine the applicability of +he 


courses +o the reader's abilities and field of study. 


6. Heathkit H-9 Terminal 


The manual for the Heathkit H-9 terminal explains 
the efrects of €ach of the control keys of the terminal and 
describes the functioning cf the terminal. In addition, the 
user is taken through a "Prompt and Response" tutorial 
demonstrating the procedure to utilize the H-9 (via a modem) 
aS a remcete terminal fcr the IBM 3033 computer system 
located at the NES W. R. Church Computer Center. 
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The manual for the Heathkit H-89 Microcorputer 
explains the ceneral cutline of the computer. It descrites 
the steps necessary to boct the CP/M operating systen. Ag 2 
also gives a very brief overview of the imbedded commands of 
Sem, the utility programs that came with CP/M and the 
working of the function keys of CP/M as installed in the 
H-89. No applications software is described in this manual, 
as that is left to the user to learn. The manufacturer 
Manuals on the interfaces, monitors and other specific eleéec- 
tronic issues are available for reference. The style of the 
tutorial is traditional text. 


E. TUTORIAL TESTING 


The completed tutorials were tested by a member of tne 
faculty, members of the project design team, and seiected 
"non-technical" students cf the Naval Postgraduate Schcol 
The experience level of the avaluators ranged from readers 
With little or no knowledge of microcomputer systems to 
those who were highly experienced in the concepts covered in 
the laboratcry. During the testing, weaknesses noted in the 
tutorials were evaluated and the tutorials were modified for 
imprevement and re-evaluated. Both experienced and inexperi- 
enced evaluators wer2 able to complete the tutorials with 
little difficulty. The inexperienced evaluators were g¢ener- 
ally impressed that the tutorials were not written in a 
highly technical language, thus providing a better concep- 
tual understanding for them. It was judged py <thsse evalua- 
Moma chat che laboratory could provide a useful and 
worthwhile learning experience. 
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F. TUTORIAL CCNSIDERATIONS 


The authors found that one of the most 
was to insure that all the tutorials were 
style and format. With three authors and 
Manuals it was not a trivial task to make 


authers attempted to keep some consistency 


difficult tasks 
consistent for 
seven different 
them so. The 


by proofreading 


éach other's work, using ccnferences to decide format policy 


and through intense communications. This 
labor and talent made it pfessible to achieve 


demonstrated in the appendices. 
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IV. LESSONS LEARNED PROM THE INSTALLATION 


Ee: SE == umaa We = 8 83£33&ao: a 7" 4 Ee 


A. EFROBLEM AREAS ENCCUNTERED 


In reviewing the original werk requests and discussing 
the initial rreject with the sponsor, the authors disccvered 
several items that had net been originally considered in 
those requests, as well as areas inwhich technological 
changes had nade the plans obsolete. For example, the ccun- 
tertop height for the lakcratory as specified was too high 
for ccemfortable typing for long periods. In addition, there 
Was no provision made for storage of materials in the labko- 
ratory, nor fcr security cf the more pilferable items of the 
laboratory. The labcratcry had been designed to be parti- 
meomed antc twc rcoms. Icckable cabinets and civher locks 
on both the inner and cuter doors were alse provided. 
Althcugh this change was made late in the development cycle, 
and was made tc plans that had been approved for two years, 
the Eublic Works Department was able to respond to the needs 
and provide tke facility as desired. The division of the 
room inte two work areas complicated +h2 Situation by 
forcing a change in the ventilation system of the area to 
provide exhaust and inflcw to both areas. Again, the 
respcnse cf Puklic Works was gratifying. 

The enthusiastic response of Public Works +o the 
changing requirements was not entirely without pitfalls. 
Some problems developed in the actual sxecution of the 
design cf the cabinets and ccuntertops. The authors were 
able to ccecrrect the communications failures by perscnal 
interventicn, and the ultimats product was most suitable for 


the purpose. 
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In general, Semdtitacuitles faced in the producticn 
effort of tre fhysical facility all stemmed from poor comnmu- 
nication on the parts of both the ‘transmitting individual 
and the receiving individual. In those areas where communi- 
cation was cléear and effective, no delays or ¢rrors were 
made. Once again, communications have preven tc be critical 
in program develcpment. Also, the authors appreciate the 
fact thano ccmplex project can be implemented without some 
degree of uncertainty and ambiguity. That is, some aspects 
must ke learned by actually forging ahead, doing the werk 
and obtaining experience. Hindsight then allows one to 


State how the preject could have been done "perfectly". 


Be. PITFALIS TC EE AVOIDED 


It is impossible to rigidly define the areas in which 
any project will experience delays and failures, principally 
because the ccnditiors in which the project is undertaken 
Will be unique. It is, however, possible to identify the 
general aréas in which clcse personal supervision will help 
avoid some of the pitfalls and failures. In a most general 
way, the ccmmunicaticns rentioned above apply te all of the 
areas in which failures occur. 

Communications failures can occur between any of che 
elements cf the desiaon and production tear: the design 
Supervisor, his workers, the supervisor of the producing 
workers, and the actual technicial staff performing the 
physical werk. Failures at the junction of design super- 
visor and his werkers leads *o mis-designsd or inapprepri- 
atly designed flans. Pailures at the junction of design and 
production teams can lead to incorrectly followed plans cr 
imprcperly drawn plans fcllowed to the letter. Failures 
between preducticn supervisors and their workers results in 


Smee teriy 2nstalled facilities or delays in installatccn. 
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It is not pessible tc overemphasize the need for accurate, 
timely and clearly understood communications between ail 
members of the team. 

Another area of concern for the designer of a similar 
laboratory must be the ccmpatability of tha planned equip- 
ment. In the NPS Instructional Laboratory the original plan 
was to use the Heathkit H-9 Terminal both with the 4H-8 
computer and as an additicnal terminal for ARPANET and the 
IBM 2033 at NES. Unfortunately, the design of the H-9 
terminal makes that impossible, in that the terminal has ne 


capakilizcy for lower case characters and if a lower case 


ASCII code is received, the terminal displays a control 
character in its place. This discrepancy was discovered 
when the terminal was first used on the ARPANET, and has 


made the terminal less attractive than it might otherwise 
have been. CTesigners of laboratories similar to _this cne 
should carefully screen all hardware for full compatability, 
muemiadeng the cktdining cf manuals ir advance, if that is 
what 1S required to investigate fully the capabilities and 


Memtitaticne cf a machine. 
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Ve. FUTURE PLANS FOR THE LABORATORY 


et Eas SE Se Ee ae ae 7-—S S Seo a aE EE 


A. SUPPORT OF CCURSES AT THE SCHOOL 


There are twc areas of concern for the immediate future 
of the instructional laboratory: the use of the labozratcry 
and the egquipfment to be added to the laboratory. ihe ieees 
issue *o be discussed is the future use of the labcratorv. 

+ is the intention of the school to increase the usage 
of the labcratory in direct suppcrt of classwork in both the 
Information Systems coursé area and in th2 Computer Science 
course area. In particular there are seven courses in which 
the laboratory can be madé an integral part of the course- 
work and tc which the lakoratory represents a significent 
improvement in facilities. Each of these courses will be 
discussed in detail below. It 1s recognized that the use of 
a physically small laboratcry to assist in teaching classes 
with sometimes as many as 40 students or more may be fraught 
With problems cf crowding and scheduling clashes. HOWEVEL, 
the fact that the laboratory 1s available to the user 
twenty-four hours a day, seven days a week, all year long, 
Significantly reduces the rfroblem of crowding and scheduling 
to a lesser problem of having some users come to the labora- 
ory at unccnventional hours. As discussed in the initial 
chapter, the motivation of the students at NPS is high, and 
che maturity cf the students makes it possible to accept the 
smaliness cf the labcratcry and still use it as 4a primary 
t2aching aid. 

The lowest level course to be supported ina the labora- 
toty is IS 2000, Introduction to Computer Management. The 
NPS Catalogue [Ref. 12] states that this course covers the 
elementary hardware and software concepts or Computer 
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Maragement. In IS 2000 the laboratory can be used to intro- 
duce <*o the nevice student the various terms of - data 
processing, with a chance for the student to actually see 
and use ccmputers for perhaps the first time. The equipment 
in the laboratory that might be used ver well in this 
course includes the Digi-designer, the SDK-85, the Prompt 
80, the Heath 8 micrcomputer, and the Heath 89 microcon- 
puter. Althcugh the instructional material for these 
devices may well be mere advanced than the student needs at 
this levei, the devices can be used to introduce the 
concepts cf registers, memory, storage devices and nedia, 
hexidecimal, cctal, and btinary arithmetic, busses, CEU, 
Mehnrtes", etc. 

The IS 3100 course, Surve 


Systems, has as part of its co rage the comparison 
OE microcomputers and their pric nd performance character- 
istics. With the Heath 89 as a demonstration of a rela- 


tively advanced &bit machine and the USCG system as an 
example of a& typical 16-bit systen, che Jalerea tory can 
demonstrate tke change in performance and price which 
occurs across this range cf computers. 

IS 3220, Computer Canter Operations, was designed to be 
taught using the W.R. Church Comouter Center as a training 
Site for the student to actually manage a large systen. 
However, with the recent installation of the new IBM 3033 
equipment at the Center, that arrangement has been elinmi- 
nated. In its place, the laboratcry can be used to simulate 
a large ccmputeéez center. mel the roles in atypical large 
center can be emulated in the laboratory, and problems 
placed before the students to soive pertaining to allocation 
of assets and priorities, production scheduing and contcrcl, 
operational frec¢eaures, and computer performance svaiuation 
Can all be taught through simulation. The use of the labo- 


ratory in this way is virtually open-endad. Its success 
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depends entirely on the response of the students and tha 
inventiveness of the simulation designers. 


Applicaticn cf Database Management, IS 4183, can be 
assisted in this labcratcry in both the us@ of microconm- 
puting in datakase management and in the teaching of rela- 
tional database management systems. The labcratory has 
CONDCR (tm) relaticnal data base management software avai- 
lable for the student to experiment with and actually see a 
datakase system at werk. + 1s possible that problems in 
datakase design cculd be given with the assets of the lako- 
tatory avaiiakle for the student to usé in their soluticn. 
In additicen, srcle playing could aiso be used to demonstrate 
to the students the functicns of a database administrator in 
a Simulaticn environment. 

The final Information Systems course to be supported 
directly is IS 4185, Computer-based Information Systems. In 
this course the student is presently required +0 prepare a 
small decisicn support system for part of the course credit. 
The laboratory can b¢ uséd as a tesource for that project, 
as well as a demonstration site for microcomputer-based 
decision support and management information systems. 

In the Ccompter Science course area, there are twe 
courses that the laboratory could support. One of these is 
CS 3010, Computing Devices and Systems. In this course the 
Student is taught computing at the bits and bytes l¢vel, 
with emphasis cn the hardware and the interconnections 
between hardware, rather than on software. The 
Digi-designer, Ilegic trainer and both the Prompt 80 and ths 
SDK-@5 will be significant teaching tools in this course 
The lower level devices can be used to teach the ccencepts of 
logical circuits, while the SDK-85 and Prompt 80 can be used 
to demonstrate the effect of clock pulses, ‘timing circuits, 
and data transfers. In the latter part of the cours?, the 


Heath 89 can be used in the final integration of the lcgical 


35 








training ard tc help the student see that the principles of 
the lewer machines aprly equaliy to the higher. - 
Finally, CS 3020, Software Design, can use the labora- 
tory as an asset with high level languages such as FORTRAN, 
COBOL, etc., to assist the student in the dasign of software 
that meets the currently accepted criteria of modularity, 


chengeéeability, ¢€tc. 


Be. HARDWARE ELANS FOR THE LABORATORY 


Most cf the initial equipment has already been installed 
erect ne lakeratory. However, several pisces of equipment 
will ke ordered, or are at NPS and not installed. These 
include a Heath @ microcomputer to be used with the Heath 9 
terminal, an IEM Ferscnal Computer, an Apple micrccomputer, 
a microcomputer development system, a small local network 
and a micreccmceuter interfacing systen. imowadadi=.On, ere 
software is flanned, including some of the more recently 
developed e2léectronic spreadsheets, some other database 
Management systems and perhaps different operating systems. 
With the state cf the art in microcomputers in such flux, 
the present plans are to remain flexible, and to add to the 
laboratory wkatever hardware and softwars seems to be 
gaining acceptakility in the Department of Defense (DoD) as 
a whcle, with a view tc keeping the student and facuity 


abreast of these developments. 


C. CONCLUSICN 


The lakcratory has been a long time in deveiopment, and 
during its development technological changes have provided 
new cpportunities for upgrading its technical capabilities. 
However, now that the labcratcry is a reality, it wiil be 
Maintained witk the latest in hardware and software, and 


Pmomelamesentecad by he faculty and students of NPS tor 
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research tc benefit the DcP as a whole. That use alone will 
justify its existance, but the more important use of the 
labcratory is in the instructional mode, “ChE ecauce = the 
mystique cf ccmputers menticned in Chapter 1, and to vrovide 
to the Doc Information Systems specialists who can bridge 
the communicaticns gap tetween the technician and the 
manager. 
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Section 1 
DD-1 DIGI-DESIGNER 


This series of instruction is designed to teach the 
reader to understand and to design logic circuits utilizing 
the DP-1 Digi-Designer and logic components. A review of the 


kasic matkematics requirements is also provided. 


1.2 D£-1 DESCRIPTICN 

The D2-1 Digi-Designer, produced by E& UL Instruments 
Incorporated, is a complste digital circuit design instru- 
ment that will meet your requirements for digital circuit 
design laboratory experiments. Tt will handle obcth 
Integrated Circuit (IC) and discrete components withcut 
scldering: connecticns are made using any 22 gagé insulated 
Ware. Tke unit includes a regulated 5 volt (+#5V) direct 
current power supply, a selectable frequency clock (pulse 
generator), dual becunce-free pushbuttons (puisers), four 
Suecones £C= applying voltage or ground as required, fcur 
bignh= Emitting Diode (LED) logic lamp monitors, and the SK10 
universal ccmponent sccket. 
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1.3 SK-10 SOCKET DESCRIPTION 

The SK10 sock2*t is basically a matrix of 64 pairs of 
common contacts (5 per strip) arranged symmetrically; 
combined with 8 buss strips running along the length cf the 
socket (40 contacts fpér strip). The socket allows the user 
to insert all electrcnic components required for the experi- 
ments with lead diameters up to 26 gage wire. For very 
large components, the E& L BP24 adapter pins, which accept 
leads up tc 16 gage wire, should be used. When inserting DIP 
Ics, be certain to preset the leads at the correct spacing. 
Insert cne side partially in, then roll the second set of 
leads into the other side , th2n press squarely down seating 


the IC preperly. 


1.4 MANUAL DESCRIPTION 

This manual is primarily an adapzation or the netes and 
labs for the Hewlet* Packard HP 5035T L¢cgic Lab as taught in 
the EE-2810 course at NPS. The manual contains some useful 
review infcrmation cn binary mathematics, logic design, 
Karnaugh Maps, theory behind flip-flop circuits, and some 
specification sheets for MTTL ICs. Following the review 
informaticn, you will find five laboratory experiments that 
Should preve helpful in making use of the Digi-Designer to 
conveniently design, assemble, and «est relatively complex 
Gemeua.s, WichOUu~ SOldering, and in only 2 f2w minutes. [ft 
Should be nected that since the advent or large scale inte- 
gration, the types cf design involved in these experinents 
are not the main ccncern cf computer system designers; 
however, these experiments can be very useful in learning 
the basic concepts involved in legical and digital circuit 


design. 
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1.5 GENERAL LABORATCRY INSTRUCTIONS 
If you desire to make notes of experimental results cr to 


answer the questions contained within the experiments, 


please okftain a copy cf the experiment you wish to perfcrn. 


DO NOT WRITE ON THE PAGES WITHIN 


Pe sure tc inventory all of the Digi-Designer equipment when 
checking the equipment in or out. An inventory sheet and the 
components necessary for completing the experiment are 


contained in this manual following the introducticn. 
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1.6 


DD-11 DIGI DESIGNER 


MANUAL 
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Section 2 
BINARY MATHEMATICS--TWO'S COMPLEMENT ARITHMETIC 


For purpeses of the following example, we will usé a 
register length of four bits. Three bits are necessary to 
represent the numbers zero through seven in binary form and 
the additional bit is used to represent the sign of the 
number, whether negative or positive. The left-most digit 
is the most significant digit (MSD) and the right-most digi 
is the least Significant digit (LSD). 


Pei teeant DLG1t<=—== --------— Peoase SLGnLilLcant Digit 


fast => Te AZ| AG) Awl<---- (LSD) 
SS ee 


5 2 1 0 
WeightS--~--> 2 Z 2 Z 


The kinary representation for -8 through +7 is as foilowss: 


7 0111 
6 0110 
5 0101 
4 0100 
3 0011 
2 0010 
1 0001 
0 0000 
=i 1111 
= 1110 
= 1101 
-4 1100 
=> 1011 
le 1010 
a 1001 
3 1000 
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Notice that all negative numoers have aMSD of value 1. 
This bit is known as the Sign bit. 
Note also, that A + (-A) = OQ. 


For éxanple, 6 0110 
+ (-6) +1010 





) tea -——= 0000 


Mic itS case, them! Camried out of the register is lest 


Leaving 0000 as the (correct) result of the calculation. 


3 
The largest possible positive number is 0111 = 2 - 1 
k~1 
(in general, 2! 4, where k is the register length). The 
negative number with the greatest magnitude is 1000 = -2 
(K- 1) 
(fereceneral, ~(2 ))- 


It 1s easy to see, by examvole, that to complement a 
binary number (i.e. to change it's sign) we have only to 
complement every bit (four in the example above), and add 
one to the result. Fer example: 


6 = 9110 
~-6 = -0110 = (1001 + 0001) = 1010 


where 1001 is the bit bv bit complement. 


it 


mmenreasult is calle 


5 
complement is cailed the one 





for forming either cne's or 


implemented in computer hardware. 
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2.1 BINARY ADDITION 


Two binary numbers are added (as in the above example) 
just as one would add decimal numbers, except that we use 


the binary "addition tables", 





Q 0 1 1 
+0 uA +0 fel 
0 1 1 1 
However, because of tha finite (4-bit) register length, 


+here are five cases we must consid=r. Tijustratwmons of the 


five cases are given on the following page. 
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5 3 
(mem, B > 0s (AE) S 2-1 {b) A,B > Os; (A#B) > 2 =-1 








0011 3 0011 

+2 +0010 +6 #9110 

5 0101 9 1001 
OveciEtcow 


3 
(4) a, B< Os (A + B) D> -2 








3 QQ 11 =s 1101 
+ (-6) +1010 +(~2) +1110 
23) 1101 -5 1<--= 1011 


Overflow cannot cccur Caan Olt 2S. lost; 


when A and B have Y-bit answer is 
Cpposit¢e signs. GOELTECT. 

ce ee ee oe ee ewe ae a ae ee we we wee we oe eee we we we oe eee we we ee we ee oe eee we we we we a we = oe ee 

3 

(¢) A,B < 0; (A+B) < -2 | 

-3 1101 

+ (-6) + 10 10 | 

| 

I 

{ 

| 

| 

| 





=o hic -— Cel tt 
Sarrty-~cut is cst; 
Owiet tilew condition; 
— eee Oi | _eeea-----------------_--- 
Clearly cases (b) and (é) lead to erroneous 4-bit answers. 
We say that overflow has cccurred. Computer hardware (a 


PoGwemcCiLCurem must cre used +9 detect this condition. 





11 
2.2 BINARY SUBIRACTION 


Tce ccmpute A - B we actually calculate A + (-B). Tht is, 
we take the 2's complement of B and then add. The additicn 


hardware is unchanged --+ including the overflow indicatcr. 


2.3 BINARY MULIZPLICATION 


One methcd for accomplishing multiplication could te by 
repeated addition. This method would be very siow for lazge 
numbers. An alternative is to use the shift-and-add-methced. 
For ¢xamrl2, consider the unsigned binary multiplication of 
the decimal problem 11x 13 = 143. The binary representation 
for 11, 13, &6 143 is 1011, 1101, & 10091111 respectively. 


The multiplication is performed as follows: 


Set memory cell for C equal to zero 


| 
1o1t=a | 
x 1101=8B | 
4011 | B = 1, so add Ato C (C previously zero) 
0000 | Bo = Q, so shift A but don't add to Cc 
1011 | 3. =e SO Shite A and add to C 
moot! | = 3 =i, SO Shit= Awand add to C 


Cc = 10001111 


| The product is now in memory cell for C 


We can detect a 1 (or a 0) jain each successive digit of B 


Py nee iG B Bath a shifting MASK. Thus, 


E i MASK 
“1101 -* #0001. #40, so B = 1 Initial mask = 0001 
1101 +# Q010 = 0, so 3. = 0 4ask shifted lef< 
1101 « 0190 ta SO = = 1 Mask shifted again 
1101 2 1099 # 0, sO a = 1 and again 
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Section 3 
LOGIC DESIGN 


3.1 INTRODUCTION 


Our objective is to develop procedures for the design of 
logic networks which will perform specified logical tasks 
Srgeeeetc tUrn on a light in your home from either of two 


Switches). 


Ja 2 SWITCHING ALGEERA 


The kasis for such design is Boolean algebra (1847), 
which was applied tc switching circuits in 1938. You will 
already appreciate, fcr example, that 











| Ingut | Output 
(| Y (| Z=X+Y f{ 
$a mm ae tee a ae = = + 
1, Of 0 | 0 | Z 
| 
| ¢ | 1 1 \ 4 X 
f1tot 1 | | 
3m 
all represent “icqicai addition" or the “OR switching opera- 


ion". (An oper switch is a male. a closed switch is a ™"1".) 


S our first task is to pestulate the properties of 


O 
switching algebra (which is one possiple Bool¢an algebra). 
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13 
We postulate that each variable can take only two values, J 
oc and that the fundamental operations are negaticn, 


logical sum, and the lcgical product. 








ne 
| NEGATION LCGICAL SUM | LOGICAL PRODUCT | 
———— 
| ae) i 

| X X > eS =X +Y | xX Y Z=20Y | 

~------~--+4~ a - 
{| 0 1 | 0 0 0 ; 9 O 0 | 
| 1 Q | 0.6. 1 | ¢) 1 0 
| 1 Q 1 1 . 0 
| 1 1 1 1 1 1 
ae — t » | 


ae. 
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From these postulates the following theorems may one 


proven: 
1+X = 1 (1) 
Oe X =0 (2) 
O+xX = X (3) 
1ex=X (4) 
¥+X =X (5) 
x 6 c= X (6) 
gey = x + xX = (7) 
Kex = x ex = 0 (3) 
k= x (3) 
X¥+ Y =Y + X (10) 
KeY=Ye X (11) 
X + (¥Y + Z = (ZX + ¥) + Z (12) 
x @ (Y © Z) = (X © Y) e Z (13) 
X + (X e Yy = X (14) 
X e (X + Y = X (15) 
Ke (Y + Z) =X e Y+X eZ (16) 
(X+Ype(X + Z =X + Yeo 2 (17) 
C+ (dey sexed (18) 
Keaeyexey (19) 
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15 
Problem 1 
Use truth tables and the postulates to prceve 
(1) Theorem (1) above, 
(li) Thecrem (7) above, 
(iii) Theorem (14) above, 


(iv) Thecrem (17) above. 


Show the Switch arrangement corresponding to: 
(1) X e Y (Hint: See the diagram for X+Y above.) 
(22) 1+ X (What switch position corresponds to 1?) 


(224) X + X. 


ie 
rf 
IO 
jos 
(t~ 
=| 
fiw 


Use switch diagrams tc show that X+ (XeY) =X 


Finally we can list two theorems due to DeMorgan: 





K+Ye=xX eY (20) 





ee ae ee | (21) 


These toc mey be proved with the help of truth tables. They 


are easily extended tc more variables; ¢.g. 


Yee Y eye = Siew Yee 7. 


3.3 SWITCHING FONCTIONS 


Consider the statement, 


F = ABC + A(B + C) +A 


We Say thet F is a function of the three variables A, B, 


and C. (A, B, and C are "input" or "independent" variables, 


2), 


| =a oe 





16 
each cf which can take on the values 0 or 1 independently ofr 
the others.) For any combination of values of A, 3, andcC 


(2.9. 10 1) we could ¢valuate the value of *he function, F. 


A switching functicn is a (boolean) algebraic statement, 


and, like any cther algebraic expression, can often be 
simplified by applying the appropriate theorems. For 
example 


(*We will omit the "‘e" which represents the AND operaticn) 


Aso + AB + AB = E(A + A) *# AB (Theorem 16) 
= - + AE (Theorem 7) 
= ‘ + AB (Theorem 4) 
= E r " (Theorem 18) 


made LOW draw a ilogie circuit corresponding to this 


epeeeenane funetacn, beth before and after simplification. 


oir a 

et 
is 

-s 


Se, 





da 
Clearly we kave saved three AND gates. 


im 
iE 
<< 


Simplify the circuit even further, by using a NAND gate. 


Eroblem 3 
Apply the rules (thecrems) cf switching algebra to simplify: 


WXYZ + WXYZ + WXYZ. 


Then draw the lcgic circuits for the given and the simpli- 


fied logic functions. 


Simplify ABC + A(B + C) + A. Check your result 


by completing the fcllowing truth table. 


Use the rules (theorems) of switching algebra to show that: 


AB+t+tAB= AB+*#A B 


57 
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(i) You may work cn either cr both sides of the equation 


algebraically until you gét equality between left and tight 


Sides. 
a oerd There are many ways that you could do this. 
fa 2) One hint, which makes it easier to apply the very 


useful DeMorgan theorems, 1s to complement both sides of the 


equation: 


ee et 


AB+AB =A Bt A B 


Then start algebraic manipulation according to the rules. 


(The left-hand side recomes simply A B +A B, whil¢e you can 
apply DeMorgan's thecrem to the right-hand side.) 


8: 
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Geren ne Logic Specifications will be in the ferm.cf an 
English language statement describing the desired objective. 
For example, 
On a democratic desert island, three people, A, B, 
C decide to build a voting machine. Ths inputs a 
B, and C (which will be 1 for a yes vote and 0 for 
vote). The output must light an LED marked M i 
pe oes ty vote ae and must light an LED marked 
well as M) if they vote yes unaninousily. 

Problem 8 

Complete the truth table for this device (three input varia- 


bles A, 8, and C, and two output functions M, and JU). 








inputs ; Outputs { 


: 
= 


| 
al 


As arcther example of a performance specification, consider 
the follcwing. 


The seat-belt interlock system for a two-seat automo- 
Peeeco2= tO preven: Starting unless #ne driver and the 
passenger (if a acre buckled in. The state of the 
passenger's seat-pelt 1s to have no effect if there is 
no passenger. 


The first step in setting up thea truth table is the defi- 
nition cf the appropriate variables. Here, for example, 

W = 1if there is a passenger, 

W = 0 if no passenger 

B and _ = 1if séat-belts on, 

B and B = 0 if seat-belts not connected 

F, che Sut put £UHCtion, must be 1 if the car is to be 


allowed to start. 
Problem 9 


Set up the truth table for this seat-belt interlock systen. 


oh, 
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or 
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ny 
c 
= 
QD 
3 
ie 
1O 
i= 


a 
to the legic specifications, the next step is to design an 
Spmrorpriate logic circuit. Here we wili demonstrate scme 


systematic approaches to this problen. 


3.5.1 fhe Sum-cf-Products Form of the Logic Function 


Suppcse that we have obtained the following truth table 


(logic specification) for some system. 





——— i — -  . h[UlUCUh CCC CC .CCCCCCCCCCCCCCCCCCCSSSCSCSCSC.....CCSCSC™COC =e 
ee Ee C | iy COMAENTS | 
+ a _. § oat — 4 
| 0 oO 7 | 1 = ABC = 1 0nly when A=0, B=0, C=! 
io 1 0 | 0 | 
boi 1 fol | 
| 0 0 | O Z | 
| 1 QO 7 1 l<-- ABC = 1 only when A=1, B=0, C=1 | 

mm t 0 | Let < 9k C = 1 only when A=1, B=1, C=0 | 
11404 | 0 | | 
_ a el ——— a eres! | 


Looking at the rews with 1's in the F column, we can cbvi- 
ously make the statements in the Comments column. It then 
follows that 


F=A BC+ ABC + ABC 


C= 1or if A= 
F, above, will have the same truth <table as does F in the 


tameebe lecniy if A = 0, B=0, C= 1 0riztaz= 1, B= Q, 
1, 


B=1, C = Q. That is, the expression for 


lage Specitication. 


60 
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Problem 10 


@pecain che truth table for F = A B C +A B C + AB C, 
and confirm that it agrees with the table above. 

A logic function in the form of our example, 
F = A B C+ A B C + AB C, is for obvious reasons called 
mere Sum-Ci-products fcrm of the logic function. Lf ycusnewm 
reread the present séecticn you should have no difficulty in 
seeing that the sum-cf-preducts form of F can always be 
written dewn by inspection of the truth table. 

Netice, particurlarly, that although we looked at only 
three rows cf the above truth table (those rows for which 
F= 1), the resulting expression for is sCOSseCct fOr any 
combination of values of A, B, and C. (We made sure that 
F = 1 fcr the proper three cases only, and so F naturally 
took the only other possible value, 0, fer all the cther 


cases.) 

Probi¢em 11 

Obtain the logic function in sum-of-products form for the 
following system (actually an XOR gaté¢). 


fa os |e | 


J 8 0 0 | 
{ 0 _ <<a 
io 0} 3 | 
1 71 0 | 
a 
Problem jz 
Obtain the sum-of-preducts form of tha logic functions M and 


U in the voting machine example (Problem 8). 
Problem 13 
Repeat the sum-of-prcducts form for the seat-belt interlicck 


System (Problem 9). 


6 1 





ENC +UAeENGEE AB C 


Meeetne fruth table at the stert of this section, it is sasy 
tc see that the AND/OR/INVERTER implementation is as 


follcws. 


A B C 


Semwelliy, this sum-of-prceducts function can be simplified 
cry Boolean algebra or by Karnaugh mapping (discussed l]a%*t?I). 
That is, 


eereeece tem G&G Ce A EC= 8 C HA BC 


This is also 2asily irplemented, with some saving of gates. 


Problem 14 

Starting with the sum-of-products legic functions, oktain 
the ANC/OR/INVERTER implementations corresponding £0 
Eeeopeens 11 and 12. Cct*#ornally, for Probiea avalso. 
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va 8: 
ae. 2.1 NAND Gate Isplementation 
Scmetimes it is convenient to use NAND gates only. (We 
will see in the next section how to use NOR gates only.) 
Consider the following manipulation. 


Pea bp eCeten BC f AB C 





F=ABC+t+ABC +A BC (complement both sides) 











ABCe ABC e ABC (DeMorgan's theorem) 














ABCeaABCe ABC (complement theoren) 


mi (It 
ii 
ry 
ii 





We can recognize A BC as a NAND operation on A, B, and C. 








weaierarly £or A BC and AB C. Then the entire expressicn 


may be thought of as F=aebec 











foich is a NAND operation on a =A BC, b =ABC, c =A BC. 


q€2rrr-n NAND Gate Inverters 
— = AA BC 
Toa 
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ieee hen fellows that 


F= (A + E +C)(A + E+ C)(A + B+C)(A + B+ C)(A + B+ CQ 

will ke 0 if A =0, E=0O, C =0 and ifAz=0, B=%1, C=Q 
mmgeaf A = 0, B =1, C= 1, andifaAz#t, B=0, C= 0 and 
meeae= 1, B = 1t, C = 1. That is, =his product-of-sums logic 
function, F, will have the same truth table as dees F in the 
logic specification. (F will be 0 for all the above listed 
values of A, 3, and C only, and must therefore be 1 for all 


cther values of A, B, and C.) 


Probien 1] 
Obtain the truth table for 


lin 


F= (A + E+C)(A + E+ C)(A + 3B +C)(A + Bt C)(A +B +#OC) 


and confirm that it agrees with the table above. 


rd 


Tf ycu new reread the present section, you should have no 
difficuity in sesing thaz the oroduct-cf-sums form of F can 


always ke writter down by inspection of the crutch tatle. 


Notice that although we looked at only five rcews cf the 
above truth table (those rows for which F = OQ), the 
resulting expression fer F is correct for any combinaticn of 
values of A, B, andcC. Note, +t00, that by comparing and 
combining the present result with that in the first section 


we have incidentally shown that 


F = AFC + AEC + ABC = (A+B+C) (A#B4C) (A+BtC) (A+BtC) (A+B+4C) 


emphasizing that there are, in generai, many alternative 


Ways cf writing a (Bcclean) algebraic logic function. 
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Froblem 16 
Meeain the Jegic function in product-of-sums form for the 
following system (an XOR gate again). 


<8 
F 


0 0 | 0 | 
0 1 { 1 | 
es: | 
1 ato | 
es Se 


Eroblem 1) 
Obtain the product-of-sums form of the logic functions M and 
U in the voting machine example (sea Problem 8). 


Problem 18 


1 
for the seat-belt interlock system of Problem 9. 


Repeat, 
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of the Product-of-Sums Logi 


3.5.3 Isplementatic 


TT?) 
Px 
e 

Is 
ct 


ce its 


ic 
Having found tha 
F = eee cerche pence cy (A + B + C) (A + B+ C) (A * B + C) 


for cur eéxample systen, 1t 1s easy to see that the 


AND/OR/INVERTER implementation is as follows. 


Actually, this product~-of-sums function can be simplified by 
Boolean algebra or ty Karnaugh mapping (discussed later). 


fnat is 


Pees ec) G+ Ee) cy(aA + B+ C) (A + B+ c)(A +B +0 
= (B + C)(B + C) (A + C) 


This is much more easily implemented, with a considerable 
saving cf gates. (We would need two inverters, three 2-input 
OR gates, and one 3-input AND gate.) 

Problem 13 

Seaecing Witn tne prcducce-of-sums logic functions, obtain 
the AND/OR/INVERTER implementations corresponding 20 
Problems 16 and 17. Cptionaliy, for Problem 18 alse. 
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BD «3.0 1 NOR Gate Implementation 
Scmetimes it is convenient to use NOR gates cnly. 
Consider the following nanifulaticn. 


(A+ E+*+C)(A + E+ C)(A + B+C)(A + B+ C)(A + B+Q 


rr 
il 
co 


F= (A + E+C)(A + E+ C)(A + Cc) (A + B+ C)(A + B + C) 


OJ 
+ 

















(A+E+Cj + (A+B+C) + (A+B+C) +(A+B+C) + (A+BtC) 

















F = F = (A4B+C) +(A+B+C) + (A+BtC) + (A+ BC) + (A+B+C) 


wnich you should recognize as a NOR operating on each of the 
Eracketed quantities, each of which in turn is a NOR cper- 
ating on the three "added" quantities within the brackets. 


° ly ee <{<------NOR Gate Inverters 


inn — 
—— : 
& 
= i 
Si ee Gee 
—_ 








& 
‘yy 
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Problem 20 
meer ting With the preduct-of-sums logic functions,obtain the 
NOR gate implementations corresponding +o Problems 16 and 
we. 


Consider a -tinary adder, which will add the nth digit of a 
binary number A, the nth digit of a binary number B, and che 
"carry" inte the nth position. Let these quantities he: 
A e B ogee. Gre scdm, S , WiLil be 1if any one cf 
these is ieee Cr if all three are 1. The carry to the next 

C 


stage, » will be 1if any two or all three are 1. 
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Hee tas= colunn 


clearly equals xX. 





[es — fon ae 


@ 
a Do OCQ OO fF Freee 
+ 
ba 
Pe | a ED esse OS a eae GE SS a SE 9 es SS SS 


te 
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| 


X X | 
i 
1, eee x Kot x 
One switch One switch 
permanently opens as other 
closed. closes, 
ae X 
| 
| Diagram for X+(Xe¥Y) 
x oe 
This is equivalent to a short (1) when X = 1 (closed) 


and to an open (0) when X QO (open) 


So the combinaticn is equivalent to X itself 


ee 





4. 6A 
é = a) 
FP = A + B = AeB 
A by DeMorgan's theorem 
E 
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Be WXYZ + WXYZ + WXYZ 


There are other 
iW X ve Z 


N< NW 2 


31 


(WX4+WX+ WX) YZ 


(W(X+X) + WX JyZ 


(W +WX) YZ 
(W + X)YZ 


possibilities. 
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6. ABC + A(BtC) + A mo C+ B+C) + A 


= A(B+C+C) + A 


= A(B+1) + A 


= Aol *+A=A+A=1 


Sremeeruthn table Should show tne function equal tc 1 fer all 
‘ome ccrbinations of A, 8, and C. 
1 


AB + AB = AB + AE 





AE + AB = AB + AE complementing both sides 


AEB + AB = AB + AE Theorem 9 and DeMorgan 


= (A+B) (A+B) DeMorgan 


= AA + AE + BA + BB Theoran 16 


QO + AB + BA + Q Theorem 6 


Ve 
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eo ee a ae 


Oe FOO Oe ee. a 
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= ‘oOo oOoOKr Kr oOo oOo 
(2, 
11) oer Of Or oOo Me 
\ 
( 
. | 
M™ Do © fF =F © Oe = 
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Pry Oo) tO: Oa eS = OS 


=> ae Eee TOS SE ee Sy EE ee 


“ae 
| 


SS qk SS a OS FY eee ae eee (SS cee 


Tz 
ABC 
a 


ABC 
0 
0 
0) 
0 
0 
1 
0 
0 

oe ee ee ee 


nO) 


ee te BS 


11. 


ABC + ABC + ABC + ABC 


AEC 


| 
U 


12. 


d p 


BP 


d 
Your answer will dépend on your definition of 


E 


are + WB B+ WE 3B 


F = 


(a) 


fo. 


(5) 


Our answer is 


Variables. 


so + SUT + SDT 


—— 
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14, A E 


ae La 
| | 
= 
ae 
~_ | 
——) 
aa. 
‘> ae U 
eas 


1 





ee ees a Ep ee Oe ca See OO 2 GES ee ae ee 


+B+C 


aE eS oe LSD EP a 52 See Se qe OES ee ee ee 


A+ BtC 


+ 








2 = aa 
es | A+B+¢C 


(A+B) (A+B) 


F 








(A+B+C) (A+B+C) (A+ B+C) (A+B+C) 


{= 


ney 


(A+B+C) (A+B+C) (A+ BtC) (A+B+C) (A+B4C) (A+B+C) (A+B+C) 


U = 


+B ) 
p 


d 


+B ) (W+B 
Dp 


a. 


+B) (W+B 
P 


+B ) (WB 
gh! 3 
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+E ) (W+B 
Pp 


(W+B_ 
a 


F = 


sre 
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ede A B 


mi A+B 7 
an F= (A+B) (A+B) 
= 


Ws 
a | | 


25 ne need to repeat the upper four OR gates to 
ay a 
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20. 


for the vecting machine. 


Similarily 


Review Question. 


Oo © 





aE 
lhl 
r= 
m Oo oO 
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{ 
a | 
ae Oo Oo 


© 


Ltd 
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Section 4 
KARNAUGH MAPS 


Karnaugh maps visually port: 


the properties of Bcclean 


ay 


—= 
lie: 


functicns and 


the 


systematically simplify 


used to 


can be 
combinational logic circuits (functions). 


Wwe 


To start with, 


to be 


Weqre LUNCtTLON 


will assume 


Simplified has 


the 
keen put in standard sum-of-products form. 


that 


e DJ eA 


[ (EB + C) 
um-of-products form we sé 


a 
this 


Example 


ol Gb std 


up the 


= 
wo 


°& 
ame 


in 


table. 
— if. 
| a+c 
ear oe 
0 
0 
1 
1 
1 


ee EK mee Gs quer OE ge ete ee ae 


be i i © Se poll > es > a Ee eam ge is ia 


F 


ilo ae a= = eee 





| < 
* 
= 
A 
@ 
- oOo O29 O&O F © Ff CO fF & © GaSe 2. oat 
O 
+ 
88) 
= | 
m2 © oO Ff CO =| Oo &§|- 2 2 & = 2 en Cae 


qe 2. eee =_—— aes 








Om ges OE aE GE EE eg RE coe EE i GS eee Se CO es ee ee 


1 


cS. a 


(a 


110 
1 


Oa 1 
Q 
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re | - - - 
=~ aE ee i ee SE Ce qe EE ge CE anes CT a EE ee EE ee ee een eee: EE ee Oe 


oo 0 0 
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O10 1 
O 171 0 
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PencwetGllicws,. from the last column, that 


F = ABCD + ABCD + ABCD + ABCD + ABCD 


There are 16 possible input combinations of a function of 


Zier variabies: AB CD, ABCD, A BC D, ABC Dyeoe, OF 
which only five appear in the sum-of-products expression. 


Each possible input ccmbination is calied a mintern. 


A Karnaugh map fer a function of four variables is merely a 


four bry feur table of 16 squares or cells, one for each 


Minter. 
A a, ABcCcCE?e= 1 
~ > as i cll 
| 0 { 0 \ 1 | 1 
i | | 

Bo ttt ta rn mn tt rn ne tee ene ee 
0 0 { 0 | 9 | 

\ | } | | | | 
-—----- hom en ne tp ne ne — ta ee - + OCOD 
| | | | | eas 
| 0 0 0 | 1 | ABC De= 1 
) a a rep l 
| 1 | 1 | 
| ee a I 








Fegure J 


The Karnaucgh map is a function of four variables (for 
B, C, and D as 


example, Figure 1) is divided into regions A, 
shown. This clearly implies the assignment of regions 


75, C, and D also. Then each cell will correspond to cne 
Minterm, whcese value may be entered in the cell as in 

Figure 1. 

Figure 1 has a "cyclic" structure. If you were to wrap the 
diagram arcund a vertical cylinder, the two isolated C 
columns would join and become adjacent. Similarly, if the 
Map were wrapped arcund a horizontal cylinder, the two 


30 








4 


feaelatedel columms would join and become adjacent. the 
importance cf th2se cbhservations will become apparent in a 


moment. 


The next step is to group adjacent i-cells -- cells 
containing 1's. Bae group must be "rectangular", and must 
contain exactly 2 lecelmscs inat 1S, xt, 1x2, %Ix4, 2x2, 
2x4,.-..g9roupings are legitimate, a 1x3 group or an odd- 
shaped grecup 1s not. It is possible that a given 1-céll 
will ke a member of more than one group. There will, in 
general, be more than cne way tc group the 1I-cells. For cur 
purposes we will find that we should use the largest 


possible legitimate grcups. 


| { | 
— — 


Sa! 


| 


Pe 





The five tecells ccrrespond to the five minterms in the 
above sum-cf-products expression for the example function, 


te In Figure 2, the 1-cells corresponding *o the above 


(D 


example have been grcuped (circled). NOwe chet che cyclic 
property has been used. The two 1I-cells in the top rew are 
adjacent to the two iI-cells in the bottom row. 
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Mme grouping tccusses attenticn on particular cells. With 
With this grouping, we can do nothing with the minterm ABCD, 
which appears in a grcup of 1. But consider the 4 mint¢erms 


oie the cther group: 


=> ——» = Ze ——_ aap ype =p ip GED a — = — ec a ae —_— 


ABCD + ABCD + ABCD + ABCD = ABD (C + Cp) # ABD (C + C) 


ABD + ABD = AD (B + B) 


AD 


A consideratle simplificaticn! Thus we can now write a more 


Simplified expressicn for the function F in the example: 


F=A E2BCUL+ A D 


Actually, the Karnaugh map aliows us to skip the above 


algetra of simplification. ** Note that the 2x2 grceup of 


Figure 2is entirely in the A region and entirely in the 


D région. So we can now writs down the simplificaticn A D 


by inspecticn! 


Let's examine the logic behind this “rule". Recall tha* any 


l-ceall represents a tinterm of the function, F. Fer example, 


in Figure 2 the third cell in the top row represents A BC D 
This wili be unity when, A= 0; B= 13 C = 1: and D = 0. 
Now, suppose you wished to locate the 1-cells which will 
contain 1's when A=0 and D=0 regardless of t 
Band cC. This describes all the cells in the region ccmmon 
=O A and L, wimtcees the 2x2 group of Figure 2. 


Some cther examples are in order. We will assum? that the 
functions have been put into sum-of-vroducts form, and will 
cnly shew the mars and the corresponding simplified 


minctions. 
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(A better grouping than that of the previous example.) 
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Karnaugh maps can be used for functions cf more than four 
variables, rut those functicns will not be illustrated here. 
For functions of "many" variables, computer-based methods 


can ke used.* 


Now let us turn to the product-cf-sums form of the switching 
functions. Returning to the example, with its truth table, 
on the first page of these notes, we can write dcwn the 


memcmGct-OL-csums form cf F DY inspecticn of the final column: 


——= Sp a ee ee ee = 


F = (A+B+C+D) (A+B+C+#D) (A+ B+Ct+D) (A+B4C+D) 


(A+B+C+D) (A+B+C+D) (A+B+C+D) (A+Bt4C+D) 


(A+B+C+#D) (A+B+C+D) (A+B+C+D) 


Bach cf the sums is called a maxterm and corresponds to a 


Zero in the Karnaugh map. 


The maxterm (A + B + C + D), for example, will be zero when 


A =—Os3 = Of C 1; D = 1 


The O-cells correspending to this maxterm will be 
Meme As We: in Ps in C; in D 


in the Karnaugkh map (see Figur? 4). Nots the inversicn! 


a 


If yeu ccempare Figure 2, where the 1-cells are obtained from 
the sum-cf-products minterns, with Pidgure 4, where the 
O-cells follow from the proeduct-of-sums maxterns, you should 


agree that the results are equivalent. 


Seles “Mceluskey, Ur., Minimization of Boolean Function, 
im Syocemetcone Ge, VOl.25, Pe 1417-1444, 1956. 

Ve. Quine, A way £0. soe mplit Y, ae eee Functi ONS, AMe aleen. 
a hiv, View 627° DD. 


ey 





45 


D 





Figure 4 
The O-cells can he grouped as Shown, and by inspection, 


F = A(B + D) (A + C+ D) 


Again, a considerable simplification! Note that if a4 aqrcup 


is entirely in one régicn, say A, then the corresponding 


term in the logical sum is A. 


Beemmiustitication of the inspection “rule is very similar 
to that given for the minterm or sum-of-products methed. 
You should be able tc do this yourseltr. 








Section 5 
INTEODUCTION TO FLIP-FLOPS 


Let us consider a pair of cross-coupled NOR gates as 
SpOwn belcw. The inputs are S (set) and R (reset ce clear), 
and the (ccaplementary) outputs are Q and Q. 





Tf the inputs are S$ = 1 and R = 0, the output cf NOR gate 
number 1 must be 0; that is, 0 = 0. If Q = 0 (and, as given, 
R= 0), the output cf NOR gate number 2 must be 13; that is 
Q= 1. In summary, a set input (S = 1, R = 0) will set Q 
to 1 (and C to 0). 

Exercise: Show, Similarly, that a reset input (S = 0, 
R = 1) will clear Q te 0 (and 0 oi | ae 

The case c&£ S = R = 0 can be bewildering. No lcnger dces 
data dictate the state of the outputs Q and 0. Do you agree? 
Whenever this happens - and it often happens with circuits 
containing flip-flops - we overcome the difficulty by 
postulating an cutput state, say Q = 1 and 9 = 0. Then we 
check the validity of the postulate. In other words, we mus* 
check to se€ if we are violating any of the properties of 
Mme eElLocuic. Here with Q = 1, it follows that the cutput of 
NOR gate number 1 must be 0. That is, Q = 0, as postulated. 
Finally, since both inputs to NOR gat2 number 2 are 0, its 


Cutput (Q), must be 1, as postulated. 
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In summary, if scme previous event left (9 = 1, Q = OO), 
then the input pair S$ = R = 0 will leave the output state 
unalterscd. We say that the flip-flop remains latched in the 


set state as longas S$ = R = Q. 


Bxercise: Show, Similarly, that if some previous event 


in the cleared state as long as S$ = R = 0. 


In total, the input pair S$ = R= 0 latches the previcus 


Geemeuee stats (nO Matter whether this is the set or cleared 


State) intc the flir-flop. Consequently, this circuit is 
often called a latch. 


The input S = R = 1 is undesir2zabls for two reasons. 
First, it is easy to see that the corresponding cutputs are 
Q= 0 and 0 = 0. So we could no longer use tne Q, 0 notation 
for the two outputs. Second, if we were to change the inputs 
from S$ = R=1t0S = R= QQ, what would happen? Suptose § 
changes tc zero a little quicker than R. Then we would have 
the input sequence S = R = 1--->(S = 0, R = 1)--->S = R =O, 
which would clear the flip-flop and then latch the cleared 
State. Cn the cther hand, if R changes to zero a little 
Eeoeer than S, then we would latch the set state inte the 
flip-flop. In general, we won't know whether R orsS will 
change mcre rapidly, and so we wontt know what will hapren 


when we switch from S = R = 1t0oS = R = Q. 


ii pbaccice, we will call the input condition S = R = 1 


ambigucus ard aveid it like the plague! 


This has been quite a mouthful. We can pu 
together as in the fcllowing diagram and cable, where Q- is 
the previcus state of the RS latch and Q+ is its state after 


the specified inputs have been applied. 
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4 Q- 7 stays latched | 


¢ Q 

0 1 | O | clears | 

1 | 0 | 1 sets 9 { 
, \ | 

14 1 4 | * 
es | 





*The ambicuous case will be avoided. 


Note that the acticn of this device depends on histcry - 
that which has gene before. For exampia; (S = 0, R = 1) will 
have no effect if Q were previously set to 0. But from the 


same input, (S = Q, R = 1), will change Q from a 





previcusly-set 1 t9 QO. 


This device can be, and often is, used as one cell of a 


memory. We Can Write one bit of data intc the cell by 
setting (S = 1, R = 0) or (S = 0, R= 1) and we can hold 
(i.e@., memorize) the data bit, now represented by Q = 1 or 


Q= 0, ty setting S$ =R = 0. 


menaeiy, ali the flip-flops which follow are built up 


around this basic RS latch, andall will be designed to 


avoid the ambiguous $ = R = 1 input combination. 
Exercise: See if you can complete the ‘*+able of states 
for the cress-ccupled NAND gate latch. jal ce beer Leave the 


first line in the table until the end. 
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Retion 





er on next page 


**¥ ANEW 


89 








50 





—” 


fan 
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*This is ¢ppesite of the ee ee 
NOR gate latch. With this latch, the 
case where S = R = 9) is the ambiguous 
case that is to be avoided. 
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Section 6 
LAEORATORY EXPERIMENT #1 


GATES 
Objectives 
1. To become familiar with the operating features of 
the DD-1 Digi-Designer. 
2. To investigate the operation of AND, OR, NAND, and 
NCR gates 


1. DD-1 Digi-Designer. 

2. One each of the following circuits: 
7400 - Quad 2-Input Positive NAND Gate 
7402 - Quad 2-Input Positive NOR Gate 
7408 - Quad 2-Input Positive AND Gate 
7432 - Quad 2-Input Fositive OR Gate 

3. Card showing IC pin assignments. 

4G. Asscrtment of hook-up wires 


Mac orxttac sor Clip 


The Digi-Designer consists of a +5V logic power supply, 
four logic switches, two pulsers, four light emitting dicde 
(LoD) lamp monitors, a clock capable of generating squares 
waves of six different frequencies, two pairs ef terminals 
for external connecticns, a BNC (co-axial) connector, anda 
breadktoarding assembly. 


D 


The terminal next to each logic switch provides access to 
ae St 


+he 


a 


Signal available at the switch. If a switch is in 


$1 








Nn 
ho 


the +5V (up) position, the corresponding terminal will ce at 
+5V¥ potential (a logical 1); in the GRD (down) position the 
terminal will be at ground potential (a logical 0). 


Each pulser has two terminals which have complementary 
outputs; when one términal is in the logical 1 state (+5V) 
the cther terminal is in tne logicai 0 state {0V), and 
vice-versa. When a pulser's button is depressed, the termi- 
nals reverse states; when the button is released, the 


terminal cutputs rettin to their former states. 


Each of the LED lamp monitors will light when a signal 
connected tc its terminal is +5V; when the signal connected 


is OV, the LED is extinguished. 


The pulse generator, OG CLOEK, produces Six 
frequencies--- 1 Hertz (Hz), 10 Hz, 100 Hz, 1 KHZ, 10 KHZ, 
and 100 kHz---which can be selected by a rotary switch. 


The cleck output terminals provide complementary outputs; 
when the left-most t2rminal is logical 1, the right-mcest 
terminal is logical 0, and vice-versa. 


The BNC connector and the two pairs of jack terminals may 


be used te route signals to or from the DD-1. 


The breadboarding assembEly consists of two symmetrical 
halves separated by a groove which runs from left to right. 
Consider the upper haif. There are sixty-four vertically 
Tunning cclums each having five holes. The five holes in a 
column are connected internally; the columns are all 
isolated frcm one ancther. Above the sixty-fcur columns are 
four herizental sets of twenty-five interconnected tie 
points. 


In this part of the experiment you are to investigate the 


cperation of the DD-1. 


eZ 





ye 


Te CcCcnnect ome Locic switch output connector to one cf 


the lamp menitcr input connectors. 


ii. Move the logic switch from the #+5V to GRD and back 
again and note the illumination level of the lamp 


BONICCEr. 


lil. Repeat, using other lamp monitors and cther logic 


Switches. 


6.1.2 Pulsers 
i. Connect the "1" cutput ccnnector of one of the pulsers 


u 
Eomanlamp Monitor and the "0" output of this same 


pulser to another lamp mcnitor. 


lie Note the illusination i¢svels of the lamp monitecrs; 
depress the pulser switch and again observe the 
illuminaticn levels of the lamp nonitors. 


tii. Repeat, for the other pulser. 


6.1.3 Clock 
memeennece One ct the clock*s output connectcrs to a 
[iomomuemesOr andthe ciher clock output +*o ancther 


Paro. ACH] CI. 


Observe the LEfs at each of the cleck frequencies 


f 4- 
e 


}-- 


E 
payine particular attention to «he 1 Hz case. Time 


a 
this with your watch. What do you cbserve? 


6.2 THE INTEGRATED CIRCUITS 


Pick up one of tre integrated circuits (ICs). Ge. iwi 
have either 14 or 16 pins. The top surface of the IC should 
have two numbers marked on it. Snowe: theless #2 netOur or 
five digits, starting with 74, Fdetetrtes the type of IC. 


a3 





Es 


(There may be on2 or mere Letters preceding this number, for 
example, CM7432N.) i ers “eCourse you will use t 
TTL-family or 74-series of IC exclusively. The second numb 
marked on the IC is a manufacturer's date code. Since ma 
ICs were manufactured in 1974, confusion is a very te 


possibility! 


Now séarch out a 7408, a Quad 2-Input AND Gate, from ycur 
Ic assortment. Locate the "1-end" of the IC, Whiten is 
marked by a notch, a small hole, or the like in its surface. 
emerge Or1encaticn of the top of the IC with the (top 
view) of the 7408 in the pin-assignmen= card (locatéd in the 
Manuai after this tutcrial). Note that the numbers run from 
the "T-end" down the length of the IC and then back tc the 
"1-end) aicng the otker side. 


* Turn the DD-1 off. 
* Never dc any wiring unless the power is OFF. Tie ne ae ne 
CDD-1 ON only when you are ready to test a circuit. 


* Make sure that all of the 7408's 


Dins are straight and 
then place it, “irend" to the left, so that its pins 
rest gently in heles above and below the central gap of 
the breadboard. That is each oin will make contact with 


—? ab 
pee 


5-hole vertical bus. Then, gently and firmly press 


c+ 


Pemcendowuew2chnl a Slight rocking motion until the voins 
entez their holes. Continue until the body of the IC 
has come into cecntact with the breadboard. 

* Wiring errors will be less likely if you habitually 
teune 2Ce “l-end" to the left. 


* Take a fairly short wire and connect #+5V to one of the 
horizontal buses. Leave this bus connectsd. 


It will always ke convenient to construct a full-width 


PoveEervcennen met KIng with logic circuits on the DD-t. 
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ahs 
-eeeretruct a tLuldi=wadth COMMON (Ground) bus in a sirilac 


Banner. Leave this bus connected. 


* Locate the Vcc and GND pins for the 7408 from the JO te 
assignment card. Connect these pins to the previously- 
wired +5V¥V and COMMON buses, respectively. (OGse the 
S-pin buses into which the appropriate IC pins have 


been plugged). 

* Develop the habit of connecting +5V and COMMON (GND) to 
all ICs before ycu do any cther wiring. These connec- 
tions are usually omitted from wiring diagrams, so that 
only unvarying habit can keep you from error. 


6.3 THE AND GATE 


The operation of a (positive-logic) AND gate is d¢fined 
by the truth table, below. That is, poth inputs must be HIGH 
(1) tc yield a HIGH (1) output. 


AND Gate Truth Table 


7 


A P imu s Output 
: | A B I ¢ 

| 

|! 





C =A e B 
0 Q | 0 
Cart 0 
Pao foo | 
| 
1 1 | 1 
| 
EE bee pes 
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he AND Gates as shown below. Alsc, connect 
Domes tO +5V. 


ct 


Hemtogic Switch # 1 







; \ S — To lame 1 
~w. 
E ee SS Pin numbers 


Pe weatosswitch #2 


B. Turn on the power, and for each pair of switch settings 


(columns A and B in the table below) rscord the output that 





you observe in column C of the table. 
(LED on = 13; LED off = Q.) Turn the DD-1 orf when you have 


finished. 


2-input AND Gate Truth Table 


a 


Inputs | | Out put 








ae | 
Se 
QO (LQ) QO (LO) | 
0 1 (AZ) | 
1 0 
' | | 
mae enon a: ae ae | 
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6.3.1 <A 3-Input AND Gate 


Sal, 


R. Make sure that the power is off and then construct a 


3-input AND gate from two, 


SWI 


SW3 


Bie furcn = 
table belcw, a 


L1 


AeB 
uy 


2-input AND gates as shown below. 


3 (AeB) eC 
5 z L2 


one+h wi 
n S 














G L1 = AeB { L2 = AeBec | 
—t #| 
eo. 
——- | | 
| 
= aaa 
SE 
| 
j 1 1 Q | 
—— 


tches as shown 
hat you observe. 
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é.. Turn off the power and remove the wires from the bread- 
board. (Ycu can always leave the full-width +5V and COMMON 
buses ccnnected, Since you will use tham in every sxperi- 
ment.) Then carefully remove the IC using the IC extractor 


Cui Dp. 


6.4 THE OR GATE 


If at least one input to an OR gate is HIGH (1) «the 
output will be HIGH (1). The operation of a 2-input OR gate 
is illustrated below. 


OR Gate Truth Table 


A Inpucs | Oucpue | 
3. | A B | C 











C =A + B ppd 
foot 9 | 
< ee 
| 4) 0s 1 ; 
| ra fo 4 
ee IS | 


Sigs, 





a 


5, 
A. Pear ewamev4sa200Ua0, Z2-input OR gate into the Eread- 
toard. Connect +5V¥V and COMMON. Wire one of the OR gatés as 


Shown belcw. 


To logic switch # 1 


C — To lame 1 





Pemteg.c Switch (#2 


Bie Turn on the power, and for each pair of switch settings 
(columns A and B in the table below) record the output «hat 
you ckhserve in cclumn C of thse table. 


2-Input OR Gate Truth Table 











a 
a Inputs | Output | 
‘oe a 
= —————— 4 
| ze) | 
| 0 (LC) 0 (LO) | | 
| 0 1 (HI) | | 
- = —an | 
{ 1 1 | 
ee 
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6.4.1 A 3-Input OR Gate 


A. fewemeuce es hat =he power is off and then cons<ruct a 


3-input CH gate from two, 2-input OR gates as shown hbelcw. 
L1 


A 1 
SW A+B 
u 


B 2 
SW2 3 (A+B) +C 

Cc 5 2 
SW3 6 


B. much On the DD-1 set the switches as shown in the 
table below, and recerd the outputs that ycu observe. 


3-Input OR Gate Truth Table 





| 
| A B Li = A+B | L2 = A+Btc | 
a a 
o 0 0 | | | 
———— 

| | 
CeO ets | | | 
——-— Ff | | 
ae | | | 
ak. a al 4 

cies aan Ml : 


ioe 1 | 
p-———~--——— fp 
11 4. 0 | 
= 
! | ! 
| | | 
ES a 
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Cu Turn off the power and remove the wires and the IC fron 


the breadkoard. 


6.5 THE NAND GATE 
A. Complete the following circuit diagram showing how you 
could test one of the 7490's NAND gates. Show pin numbers 


and switch and LED ccnnections. 


Be Flug in a 7400 and wire it according tO your circuit 
diaqram. Then test it, ccmpleting the following table as 
yeurac Sc. 


2-Input NAND Gate Truth Table 


‘Inputs [ output 





— 


ee 
w 


| ¢ 

— a 
| 0 (LC) 0 (10) | | 
J 0 an) | 
—« | | 
Sa an 
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6.6 THE NOR GATE 


Repeat the preceding procedure, using a 7402 NOR-gats2. 
Draw tke circuit diagram (showing pin numbers, etc.) and 
draw up and complete a table for your test results. 


6.7 INVERTERS 

a. Use the DD-1 to ckEtain the truth tables for 
1. A 7400 NAND gate with its two inputs ccnnected 
tcaether, and 
2. A 7402 NOR gate with its two inputs connected 
temge her. 


(Draw your circuits diagrams, first, showing pin numbers.) 


@eaceuit for 7400 Giacirs: Lor 7402 
NAND~-Gate Inverter NOR-Gate Inverter 
NAND-Gate Inverter NOR-Gate [Inverter 











Incuts GCucput | 
ae B { Cc | 


[ 
all a 


Inputs | Output | 
A= BE | cP 





| 
EE J Se 


a2 





6 3 


X = ABC + ABC + ABC + ABC 
SpE oiuplaty the wtuncti on 
be. Censtruct a truth table. 
c. Lesign a logic circuit (using the ICs investigated 


in the lab) tc realize this functior. 


ae Wire up your circuit and verify that it actually satis- 


fies the function. 


This legic function can be simplified <o the point where one 
requires cniy two separate ICs and five gates, including 
those usé€d as inverters. (It is Rot 2ssential that you 
reack this degree of "perfection".) 

ttach a separate page showing your work and r2zsults. 
Include the circuit diagram with pin connections. 
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Section 7 
LAECRATORY EXPERIMENT #2 


THE XOR GATE, FULL-ADDERS AND HALF-ADDERS 
1. To design and test several realizations of an XCR 
gate. 


- Tc design and test haif-adders and full-adders. 


[-1 Digi-Designer. 

he follcwing integrated circuits: 

- 7400 Quad 2-Input Positive NAND Gates 
- 7402 Quad 2-Input Positive NOR Gates 
- 7404 Hex Inverter 

- 7408 Quad 2-Input Positive AND Gate 

- 7432 Quad 2-Input Positive OR Gate 

- 7486 Quad 2-Input Positive XOR Gate 

- 7482 2-Bit Binary Full-Adder 

Sew iC Extractor Clip. 


ee a a 


YW. Assorted hock-up wire. 


5. IC pin-assignment card 
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7.1 THE EXCLUSIVE-OR GAT 


Meee xCLUSIVE OR (CR) gate functions so that its cut pur 
is 1 whenever an odd number of inputs is 1, otherwise its 
output is 0. The truth table for a two-input XOR gat? is 


shown below. 











Inputs Out put 

ee | ae 
Pool o | 

| { Z= xX y 

| O 71 | 1 | y NB, 
10 | 1 
mi 1; o | 
a ae 

Le Mark pin numbers on the above diagram correspcnding to 


the 7486 XCR gate. Connect Vcc and GND to +5V and COMMCN; 
connect tke inputs tec logic switches; and the output tea 
LED monitor. Test the 7486's logic: does 1t agree with the 


above truth table? 


105 





66 
Bis Pactome a Sumeot-products realization of the 2-input XOR 
gate using AND, OR, and NOT (inverter) logic. Draw the 
circuit cEélew or on separate paper. (It will always be 
helpful to include pin numbers and, of course, the numbers 
of the ICs.) Then test the circuit using two iogic switches 
and a LEC. Put your data in a truth tatle. Does the latter 


agree with that given for an XOR gate above? 


on Repeat the preceding exercise, but use only NAND gates 
(IC 7400). 
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Dis Design a product-of-sums realization of the 2-incut XOR 
gate using AND/OR/INVERTER logic. Draw the circuit and zest 
Meeto Cbhtain its truth table. Does the latter agree with the 


given truth table for an XOR gate? 


Ee Repeat the preceding ¢xercise, 
mice 7402). 


on 
er} 
cr 
& 
in 
iD 

ip 
ry 

Ite 


y NOR gates 
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A helf-adder has cnly two inputs, A and B, and thus ‘ices 
not include any carry which may have resulted from adding 
together less Significant bits. The outputs of the half- 
adder are the sum S, and carry, cC*, for which the truth 
table is shcwn below. 


rHeUcs Ocvtputs 

: S Pox | 

| 0 6 | 0 0 | 

| QO.61 | 1 Q | Hicalen = 

| 1 OQ | 0 1 adder Cc* 

> 1 1 0 61 | 

aa ae J 
Ae Design and test a half-adder using AND/OR/INVERTER 
ear C . (Draw the circuit, and complete the truth table, 


experimentally.) 





69 
E. Repeat the preceding ¢xe¢rcise, put use an AND gate 
(7408) and an XOR gate (7486). 


* DO NOT DISASSEMBLE THIS CIRCUIT. YOU WILL USE IT AGAIN. 
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7.23 THE FULL-ADDER 


The truth table fcr one bit of a binary full-addér is 
shown below. The bits to be added are denoted by A and 8B ana 
the carry frem the previous bits by C. The two outputs are 


the sum bit, S, and carry, C*, for the next staqe¢. 








ee ite 
| > Naa eee ae ! 
{ | | 
poo ofc ; | 
| ye oO 1° #@Q 
io 1 0 j 1 #0 
| 01 7 ! 0 1 | 
— | } 
(eo (0a t 0 
ore 
| 1 1 38 QO 1 
{ 7 1 1 | 1 #7 
«=o 





peeeeeaaaes: Can DE Constructed from two halif-adders as 
shown belcw. 





eS a tts 
sum | 
A ! Half- ! S 
B , Adder aia 
| ET) ee 
—_ | 
ee 
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val 
A. Censtruct another half-adder as in the previous exez- 
cise, but using an AND and an XOR gate. Then, combine the 
+wo half-adders and an OR gate (7432) +0 complete a ful 
adder. (A complete circuit diagram, with pin numbers, w 
help you avoid wiring errors.) Test the full-adder, putting 
your data ina truth table. Does the latter agree with the 


given table above? 


7.4 OPTIONAL FULL-ADTER EXERCISE 


Reem the ftull-edder*s truth table, set up the sum-of- 
products and product-cf-sums forms of the logic functicns § 
and C*. See if you can Simplify them, being on th2 lockcut 
for terms ccmmon to S and C*, which will therefore need only 
be generated once. (Don't spend a lot of time! Very little 
Simplification is, in fact, possible.) If you wish, dréw an 
AND/OR/INVERTER logic or a NAND/NOR logic realization. Your 
Circuit diagrams wiil be quite involved, and constructing 
and testing such a circuit would not t2ach you much. (If you 


do try, you may have to ask for additional ICs) 


[memveaw Wien, take a 7482 IC (a 2-bit binary full-adder), 
try to untenaqle its lcgic diagram (on its data sheet), and 


ae, e 
ese Ite 





Section 8 
LAEQRATORY EXPERIMENT #3 


Poe eee eee PLEP=—-FLOPS, AND SHIFT REGISTERS 
1. Te investigate the operating charact¢eristics of the 
RS latch and ([-type flip-flop. 
2. To design and test some registers using D-type 
lip-flops. 


C-1 Digi-Designer. 

- The following integrated circuits: 
1 - 7402 Quad 2-Input Positive NOR Gates 
1 - 7404 Hex Inverter. 

74408 Quad 2-Input Positiv2 AND Gate 


— 
( 


2- 7474 Dual D-type, Edge-triggered Flip-flecps 
mee 6ULC CUDEXEEFaCtor Clip. 
4. Asscrted hook-up wire. 
5. IC pin-assignment card 


v2 
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8.1 THE RS LATCH 


The RS latch may be thought of as the basic building 
block frem which various types of flip-flops can be 
constructed. (RS stands for resét-set. Sometimes SC is used, 
Meaning set-clear. Cccasionally the term flip-flop is used 
instead cf latch.) The basic configuration is shown in the 
following figure. 


s 
Q 
Q 
R 
A. Mark pin numbers on the above diagram, assuming the use 


cf 7402 NOR gates. Plug in a 7402 IC about midway across the 
breadktoeard. Then wire up an RS latch with S and R ccoming 
from logic switches, and with LEDS monitoring che outputs 
Q and Q. Now "play" with the circuit. Observe that as you 
operate the switches you can cause the LEDS to "flip-flcp". 
You should never see both LEDS lighted at the same tine, 
and oniy when both switches are set HI should both LEDs be 
Gait. 


When @ 1s 1 we say that the latch is set. When Q is 0, we 
Say that the latch is reset or cleared. Make sure you know 
how tc set cr reset the latch. The condition S = R = 1 is 
said to be ambiguous, since Q = Q = Q and the latch is then 
neither set nor reset. Furthermore, when you switch from 
S= R= 7% *0S8S = R = 0, you cannot foretell which wav the 
latch will "flip". Try it a few times. We will go to scme 


m=oupie tO avoid this condition in practical circuits. 








Fenally, 


state of 


guous case 


B. Run 


ncete that whenever you switch to $ = R = 0, the 


the latch remains unchanged (except in the amki- 


- 


through this again, systematically recording ycur 


observaticns in the following table. Here Q- and Q+ are the 


values of 


Q before (-) and after (+) the inputs are aprliied. 








; 
es 
*. ! | 
0 o | 1 | 
ea 
ae | ie 4 
1 an | 0 | ( | 
1 ¢) 1 
i. || = 
~ ane = 
SS 2 = | 








Hint: Hew should you cbtain a desired previous state (Q-)? 


Suppose fcr example, that you are ready to complete the 


Poueth line in the table. You can 


(i) set S = 1 and R = 0 to obtain Q- = 1, 
(ii) set S$ = R = 0, a neutral starting point, and then 
(iii) set the inputs S$ = 0 and R = 1. 


Now ycu can record the new outputs, Q+ and Qt. 


Does your 


taple? 


completed tanple agree with the following shert 
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Tas. 


| S : Q+ | Action | 
= mi 

i; O Q | - | Stays latched | 
! 0 1 | 0 | Resets (clears) Q | 
i 9 | pecs 0 | Rab? ae 

| ! : | 
| SE en Lc es ae a eee 


8.2 THE RS L 
A. Add an enable prcvision *0o your RS latch by inserting 
AND gat¢s as shown below. Use logic switches for the S', Ef, 
and R* inputs and connect LEDS to the outputs Q and Q. Test 
the circuit and complete the truth table. (To obtain each 
desirea previous state, Q-, you may have to set or reset thea 
latch with the logic switches.) 
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—_ commen | 2 Peas Ls New 
Sn phish ce State 
E ' 


| | 
ll ce 
| 0 0 Q 1 | | 
0 0 1 Q | 
| | | | 
| Q 0 1 1 | 
| 0 1 of 0 : | 
J 6 1 Q | 1 | 
1o 1 «ty 0 | | 
| | 
| Q 1 1 1 | | 
1 0 0 | 0 | | 
}; 1 Q 0 { 1 ; 
_ 0 1 | 0 | | 
ee ee | | 
ee | ) 
| 1 1 0 | 1 | | 
1 t 1 | ¢ | | 
| 3 1 1 | 1 | | 
Ne Ne 


8.2.1 Clocked RS Latch 


Connect the enable input of the previous circuit to the 
ietezeclock instéad of the logic switch. Connect a2 LED <«o 
moniter tke clock. Then observe the effects of changing the 
S*' and Rf inputs at various times during the clock cycle. 
Confirm that the latch performs as in the truth table above, 


except that the clock now takes the place of the input E. 
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Ss 
8.3 THE DraYPE FLIE=FLO 


Add an inverter (IC 7404, or one of the NOR gates .as an 
inverter) tec your clccked RS latch, as shown. The result is 
a level-clocked, D-type flip-flop. Test the circuit and 
complete the truth table (in which X = "don't care"). Unless 
your reactions are very fast, you will find it converient to 
use a logic switch instead of the 1-Hz clock to enable the 
mero LflCr. 





————— st tt tC(i‘izdsCiCYS 


| 





i Previous New | 
| Tnputs State State 
CLOCK D { or : Q+ | 
—— ——— | 
| Q x 0 
my ‘ | | | 
| 1 Q i 0) 
| 1 0) | 1 | 
: a S| ; | 
( 1 1 1 | 
: | : 


At this point you should turn off the DD-1 and remove all 


cf the wires and ICs. 
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8.3.1 fhe 7474 Drtype Flip-flop 
Set up a 7474 edge-clocked D flip-flop with a 1-Hz clceck 
input (CP cr the pin-assign ment card). Use logic switches 26 
set the data input (D), preset (S), aad reset (R). Connect 
LEDS to mecnitor Q, A, and the clock. (Note the fact that the 
set and reset inputs are inverted--bubbled.) Investigate the 
meep-ticc's operation. In particular, try to answer the 


following gquesticns experimentally. 


(i) At what time during a clock cycle can (or does) a 
data input take effect? 


(253) Is the 7474 positive or negative edge-clockad? Ir 
this respect, how does the 7474 compare with the standard 
D-type flip-flop? 


(233 1.) When can (cr does) a preset or reset input take 
effect? 
(iv) Does the state of the data input and/or the clock 


influence the effect cf the preset or reset inputs? 


(v) To preset a 7474 flip-flcp, must *he input, S, be 
zero cr cne? To clear a 7474 flip-flop, must R be zere 


or one? 


8.4 SCME APPLICATIONS OF D-TYPE FLIP-FLOPS 


D-type flip-flops are very common in digital systems. 


mimes tyeical circuits follow. 


8.4.1 Serial-load, Lleft-shift Register 
A. Use two dual 7474 flip-flops to construct the follcwing 
serial-lcad, left-shift register. As always, numbering the 


pins in the diagram will help you avoid wiring ¢rrors. 





L1 eL2 
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L 3 L4 


SW 
+5V 
cw2 
CEK 
SW3 
B. Test the register, observing that you can 

(1) retain the register contents indefinitely by disa- 

bling the clock with SW3, 

(ii) shift data left on each clock pulse, entering the 


new LSB from SW1, and loosing the MSB off the left end of 


the register, and 


(iii) clear the registe 


8.4.2 A Ring Counter 


Make two changes in the 


(1) the clear operation 


into the register, and 


(ii) Successive clock 


ieeea. Citcularly arcund 


Make the chandes in 


Geuncer. Did it perform 


es 


EP. at enpyetine watnesw . 


previous circuit so that 


(S¥2) now enters the number 0001 


1D 


pulses then left-shift the singl 


the register. 


the diagram and test the ring 


as required? 
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8.4.3 A Paralle 


Redraw the serial-load, left-shift register with the 
modifications needed to allow a synchronous parallel load 
(all fcur input bits loaded on one clock edge when the LOAD 
input is high). When LOAD is low, the register should 
cperate as in the circuit above. Construct and t¢st the 


Smecult if you like. 
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Section 9 
LAEORATORY EXPERIMENT #4 


THE JK FLIP-FLOP AND ASYNCHRONOUS COUNTERS 


fo investigate the operating characteristics of the 
JK ftilip-fliop. 


2. Tec design and test some ripple (i.-e. asynchronous) 
CCuncers. 
Equirszent 
1. DEL-1 Digi-Designer. 
2. The following integrated circuits: 


1 - 7402 Quad 2-Input Fositive NOR Gates 

1 - 704 Hex Inverter 

2 - 7408 Quad 2-Input Positive AND Gate 

1 - 7432 Quad 2-Input Positive OR Gates 

2 - 7473 Dual JK Master/Slave Flip-Flops with 
Separate Clears and Clocks 

2 - 7474 Dual D-type, Edge-triggered Flip-flcps 

TORS ACh ew. We (o)1 am OM Ms i oP 

Assorted hock-up wire. 


IC pin-assignment card 
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Pei 86 TH 


lex 
(cx 
ln» 

W 

a 
les 
(fo 
Io 
ic 
head 
lag 
ext 
IN 

© 

an 

hy 
le 
IM 
Ic 
tog 
Lead 
IH 

© 
= 


imewcme Or more £Elip=-flops in a logic circuit ate driven 
by the outputs of flip-flops (directly, or through gatés) 
there are potential timing difficulties Reneeechne kasic 
clocked RS latch constructed in experiment 3 (RS LATCH, OD 
FLIP-FLOE, AND SHIFT REGISTERS). Specifically, the clock 
pulse must ke narrow enough so that no flip-flep responds to 
the "new" output of a flip-flop clocked at the same +ime. On 
the cther hand, the clock pulse must be long enough to 
ensure that every flip-flop has time to respond reliably <o 
its legitimate inputs. One way to avoid this difficulty is 
to use the master/slave configuration shown below. The 
Master latch resronds t0 its inputs only when the clock is 
high. When the clock goes low, the master is disabled first 
and immediately thereafter the slave 1s enabled and resfonds 
to the master's outputs. The new output (coming from the 
Slave) cannot affect &@ master until the clock next goes 
high. Thus a short clock pulse 1s not necessary, anda 
square-wave clock signal can be used. 


S Q 
5 3 | 
CLK | 
a = 





MASTER/SLAVE RS LATCH 





LAS A ee a aaa 
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9.1.17 fhe Master/Slave RS Latch 
Be Use two 7402 NOR gates to build each of two RS latches 
as in experiment 3. Then complete the circuit as shown abcve 
using 7408 AND gates and a 7404 inverter. (Be careful! Make 
sure that Q not Q , leads to the slave's set input, and be 


tt n 
certain to identify @ = Q correctly.) It will help if you 
S 


draw the complete circuit,’ with pin numbers marked. Connect 
mage Switches tc S and R, the 1-Hz clock to CLK, and use 
Peps t¢ mcnitor ce oe (=Q) , and CLK. 
B. "Play" with this circuit until you are sure that it is 
functioning correctly, and that you understand the master/ 
slave idea. (Qou will probably find it convenient to replace 
meri -H2Z Cleck with a logic switch.) In partaculer, dc you 
agree that 
(i) A set or reset input can take effect (on the 
master) only when CLK is HI? 
(72) The set or reset input then takes effect at the 
slave's cutput (¢ and Q) at the instant that the CLK 


next goes LO? 


ec. fest the circuit, completing the full and abbreviated 
logic takles, below. DO NOT DISMANTLE YOUR CIRCUIT. 


l23 
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Action* 


S 


2a... >. faa 


Va Dee 


= O07 Oo wz | 
—_s — 











*The acticn of the circuit 


(lf any) can be: 


To stay latched 


Be) Se 


To reset 


Ambiguceus 
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9.2 THE JK FLIP-FLCE 
A. Use two additional 7408 AND gates to convert your master 


Slave RS latch inte a JK master/slave flip-flop. (Note that 
Q feeds tack to the reset side of the master; Q feeds back 


to the set side.) 


tt ———_ 


ala 





Q 
| 
J 
| Master 
CLK Slave 
[ Ro weaiwec nh | = 
7 a 
| : 
| 
| | 
| | 
| JK FLIP-FLOP \ 
{ i ee a j 
Ee Connect logic switches to J and K, the 1-Hz clceck or a 


Meee Switch to CLK, and monitor Q, Q, and CLK with IEDs. 
Seay with the circuit until yeu are satisfied that lt is 


behaving as you expect. Complete the logic tables, below. 


To avcoid confusicn, J and K should be changed only when CLK 
Hemant. Then the outputs Q and Q will reflect such a change 
at the instant that the CLK next goes LO - a negative edde. 
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~hnomace2on Of the Circui+ 
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aa 
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¥. 2 
al ae 


ee? _ ie oD 


' 
| 8 ‘" - © | & ca Ge = | 
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fe Or = oa ss: (lUcSlU SSCS COT 
a 
} Ou i 


{ 
on 


(1£ any) 


can be: 


To stay latched 


To 


set 


To reset 


Ambiguous 


memeeroU SHOULD DISASSEMBLE ALL YOUR CIRCUITS FROM THE DI-1. 
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9.2.1 Zhe Dual 


the 7473 JK 
Re! Use the 
clock pulse). 


Bet UL cne of 
to set J, K, and 
for CP (CP = 
Test the flip-flcp tc see if 
that cf ycur homé-grewn unit 


Does the sutput (slave) 
clock edae orf a negative 


JK ELIP-flop 
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Flip-flops with logic switches 
Taweclock Or a dogic switch 
Monitoc CP, QO, and 9 with LEDs. 
its behavior agrees with that 
of the previous section. 


+ Tamsaeeeon 
edge? 


occur on @ positive 


Dees a LO or a HI input to R claar the flip-flop? 
Dees a reset signal clear the flip-flop regardless of 
the state of J, K, and CP? 


9.3 ASYNCHRONOUS COUNTERS 


There are two basic types of counter - synchronous and 


asynchrenecus. The 


latter is also known as a ripple or serial 


ret , 
emo LLOp, 


counter. 
second 
effect 


mn een an 4B 2 a 6 Se ae ee Se eee a 


thm 


io £ how. 


one flip-flep changes state, 
Which triggers a third, and so on, 


the non-standard Vcc and 


triggering a 
ses LS 


Tipples through the array of flip-flops. 


GND connections with a 7473 
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9.3.1 fhe Binary Ripple Up-Counter 


A. Insert two 7473 dual JK flip-flops on the DD-1 and 
construct the counter shown below. 


* Note that the J and K inputs must be connected to +5V 
(logical 1) even thcugh some texts suggest that they may be 
left floating (i.e., unconnected). If you do leave them 


unconnected, erratic or even non-operation may result. 


L1 L2 L3 L4 


CLK 





+5V 





SW 1 


Bp. Make sure that the counts runs correctly from 0000 
(after clearing) tc 1111 #=(binary) before automatically 
reseting to 0000 for the next cycle. 


Compare the frequency at the output of each stage with the 
input clceck frequency. TALS SPeeactace wo Toeeeneecalled a 


= 1-HZ 
0 


CLi 


was 


rh Fh OFhrh OFh 
ouk 


DO NOT DISMANTLE YOUR COUNTER. 


Zs 








ae 
ets 2 The Binary Ripple-Down Counter 


Convert your circuit inte a down-counter. You need ror 
draw the circuit, but you should describe the change(s) that 


you made. (Changes tc LED connections are not allowed.) 


Did the counter operate correctly? What was the count 


sequence following a clear signal? 


a. 3e3 The Ripple UpyDown Counter 


The counting acticns of the previous two circuits can be 
combined Ey adding a suitable arrangement of gates. One such 
configuraticn is shown below. (You could use four NAND gates 
instead of the AND/OR/INVERTER arrangement) 


CLK 





SW2 


COUNT ENABLE 
SW 3 


129 





99 

Construct and test this modulo-4, binary, up/down ripple 

counter. (A modulo-N counter is defined to be a counter with 

N states. Here N = 4 and the four states are 00, 01, 19, and 
11.) Dad this counter perform as you expected? 


There will be more on counters in the next experimens. 
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Section 10 
LAECRATORY EXPERIMENT #5 


MORE COUNTERS 
1. To investigate the characteristics of an asynchronous 
(1.6€. Cripple) decade counter. 
2. To investigate the properties of several synchrencus 
ccunters. 
Equipment 
fee DL-1 Digi-Designer. 
2. The following integrated circuits: 
1 - 7408 Quad 2-Input Positive AND Gats 
1 - 7411 Trifle 3-Input Positive AND Gates 
2 - 7473 Dual JK Master/Slave Flip-flops with 
separate clears and ciocks 
Saeerc Kxtrcactor Clip. 
4. Asscrrted hock-up wires. 
5. iC pin-assignment card 


10.1 ASYNCHRONOUS COUNTERS (CONCLUDED) 
In the previous laboratory (THE oe tLe Tb ne? AND 
ASYNCHRCNCUS COUNTERS) you investigated a number cf ripple 


counters. Here 1S one more. 


nO 4. 1 The Ripple ECD Decade Counter 


BCD (binary coded decimal) implies that the digits in 
this ccurnter are assigned the usual binary weights of 
8-4-2-1. Lecade and decimal imply modulo-10. So the counter 
must ke designed to ccunt up normally from 0000 to 1001, and 
Must then automatically reset to 0000 on the next (the 


tenth) clock pulse. One such circuit follows. 
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D2 


L1 OP 3 L4 
Q3 4og O.2 725 mr ap Q0 JO 
‘ anal 
SW 
je 
A. Show that the above circuit operates as a BCD decade 


counter Ey completing the timing diagram, below. Make sure 
that your diagram shcwsS a proper count sequence: 
moo, 0001, ..., 1001, 0000, 0001, 


» GREER Ra eaER Hh 


Q1 
Q2 


Q3 


B. Set up the circuit, using two 7473 dual JK flip-flops 
and a 7V4C& AND gate. Does your counter behave as your timing 


diagram predicts? 
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10.1.2 The Decade Counter (continued and optional) 
A. fe more than cne decade of counting is required, a 
"carry" must bea generated by zach of the lower decades as it 
resets. This carry will act as the clock input +o the next 
higher decade. Sheow hew you would obtain this carry signal 


(which should go low when the decade resets to 0000). 


er Design a logic system to "decode" the four outputs of a 
decade ccunter. That is, the four signals Q0, Q1, Q2, and Q3 
Mist generate a high output in the appropriate one of ten 
output lines (one ccrresponding «5 each decimal cigit 0 


through S$). AL1 other output lines must be low. 


e. Design 4&4 circuit which will generate an output voltage 
propcerticnal to the ccunt in a decade] counter. This vcltage 
must lock like a staircase as the ccunt rises from 0000 to 
1001, and the vcltage must return to zero on the next count 
(great accuracy 1S not required). This is basically a 
digital-to-analog converter. 


10.2 SYNCHRONOUS CCUNTERS 


=> Sp Ce: SE RSE See SS > GP 2 Ghee Gaeta a= 


The principal limitaticn of an asynchronous (ripple) 
counter is that the frequency at which the counter can be 
Griven is limited by the number of flip-flops and their 
delay times. The reascn for this is that the clock pulse for 
aed klip-flop (except the first) is received from the 
preceding flip-flop inthe chain. Thus, one flip-flop must 
Change state before the next can, and SO on. 


Synchrenous ccunters, on the other hand, are designed so 
that all flip-flops receive common clock pulses, and hence 
Change state Simultaneously. Gate networks are added to 
selectively control the inputs to the flip-flops and tnaereby 
BP2aOVide tke counting action. 


1) 36) 
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inary Up-counte 


Ss anda 7411 to construct the follcwing 


OQ 
or 
- IH 
iO 
irs 
lo 
ic 
in 
wo 


W 
es it perform as a modulo-16 binary upd-counter? 


L1 BZ L3 L4 


& 
Mee 
St 
rae 





10.2.2 The Synchronous Binary Up-counter with Ripple Carry 

Be A counter which cffers a compromis2 between the simpl- 

1city of a ripple ccunter and the speed of a synchrcnous 
bes 


counter is the synchronous counter with ripple carry shewn 
below. Construct and test this counter. Does it perform as 


Semerdulo-16 binary up-counter? 


L1 ie L3 L4 





a ee _ 
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B. Discuss (or comment on) the speed (1.¢., maximum clcck 
frequency) and complexity of ripple counters; synchronous 
counters with ripple carry. Noze: A flip-flop is slower 


than a sigple gate. 


10.2.3 Zhe Synchronous Down-counter (optional) 


Modify (and describe the modifications of) the counter of 
the previcus section so that it will count down. Don't alter 


the ccnnections to the LEDS. Does th new counter oferate 


Seorrectiy? 

10.2.4 A = ulo-3 Synchronous Up-counter 

Pea rcuit fcr stir ine3 up-counter is shown below. 
L1 L2 





CLK 


“a 

<T a 

<a : 
SW 


A. Show that this circuit operates as a modulo-3 up-counter 
by drawing the timing diagram. Does it count correctly: 
OU » Oa TC 4 00, DT, oie 
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E. cCcnstruct and test this counter. Does it behave as pred- 


icted by your timing diagran? 


10.2.5 A Modulo-6 Ccunter 


A modulo-6 counter can be obtained by adding an ordinary 
Banhary stage to tke modulo-3 counter of the previcus 
secticn. (Mcdulc-6 ccunters can be used to build nodulco-12, 
modulo-24, and modulc-60 counters, which have obvious appli- 
cations in time-of-day clocks.) 


L 1 L2 L 3 
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A. Build this counter and show, experimentally, that it is 
a modulo-6 ccunter. Ccmplete the following table of counts. 


~ 





tO 
ond 
.@) 
© 


[ Clock ] 
| Fulse | OZ 


| 
| 


© 
OQ 


mc mR IRI icy a gee, SO ce IN ee eee ee ee ee 
SS ee ges pe, Rey SE ee ce ee eee OS =e gs SO a Se 
eT et 
rE Ge gees. GED SE a Re GE ae, ee eee, es OE a ee oO es Ge 
en ee ee en en eee a en 


z 


B. Mies cede dces this citeuit use? In other words, what 
weights must be assigned to the three digits? (I+ is not the 


usual binary 4-2-1 ccde.) 


10.2.6 A Modulo-12 Counter (optional) 





Add another binary stage to yield mcdulo-12 counting. 
(This is not quite sc easy as in the previous section.) The 
counter should still be synchronous. Draw the circuit. What 
weights must be assigned <o the digits in this ccunter? ee 
feumwouest and ested <his unit, did it perform properly? 


Us 
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10.2.7 A Modulo-5 Counter (optional) 


See if you can design a medulo-5 up-counter ailioag the 
lines of the modulo-3 counter you designed sarlier. As well 
as three JK flip-flers, you will need one AND gate. 
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Section 11 
ABBREVIATIONS 


Hertz 

Integrated Circuit 
kilcHertz 

Peght Beitting CLidde 

Least Slgnificant Bit 

Least Significant Digit 
Most Significant Bit 

Mest Significant Digrt 
Transistor/Transistor Logic 


Binary Coded Décimal 
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Section 12 
DEFINITIONS 


Discrets; Consisting cf distinct or unconnected elements. 


> EE Ee Ge ED 22 DP 


Gate: A device that outputs a signal when specified infut 


conditicns are met. 
Hertz: A unit of frequency equal to one cycle per second. 


Detegmated Circuit: A tiny complex of electronic ccmpo- 


nents and their connections that is produced in ocr on a 


small slice of material (as silicon). 


Inverter: REGUEGMIt erat Eeailezes Regatzor. A Circuit that 
performs logical complement. 


Rarnaugh Map: A mathematical tool used to visually portray 
the properties of Boclean functions and to simplify combini- 
meme 1Cgic Circuits or functions. 


match : Name often used for flip-flop circuits that held 
the circuit outputs at their previous state when the inputs 
t 


re s¢t 


~ 


C ZeB0O. 
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Section 13 


TABLE OF DECISAL SULTIPLES AND SUBMOLTIPLES 


Multiples And 
Submultiples 


18 
10 


15 
10 


12 
10 

2, 
10 


6 
10 


3 
10 

2 
10 
10 


Prefixes 


hecto 


deca 


deci 


Can ea 


Maes: 


Symbols 


E 


Cc 
m 
(Greek 


a 


th 


mu) 





AEPENDIX B 
HEATHKIT DIGITAL LOGIC TRAINING DEVICE TUTORIAL 


eM He He He eK eK KK KK oe KK KK KK KK 
He He A RK KK RK KK ee eK KE EK KK HK KK 
HH He HK HK He eK ee eae ak eH ee eK Ke KK OK KK OK KKK 


$e 
¥ eo 
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* 
HC 
$k 
fe oe 
Xx ak 
Ke 
He 
te ae 
4 
KK 


INSTRUCTICNAL LABORATORY 


FEATHKIT 
DIGITAL 
TRAINING DEVICE 


LOGIC 


me ae otk 
KK XK 
Xe KK 
He Ke oe 
3K AK 3K 
MK MK Xe 
MEK 
eK Xe 
me OK 3K 
KEK 
% 4K XK 
oe KK 
3K SE OK 
3K KK 


Mee HK BH Ke Ke eK HK KK KK KK OK NK KK 
Me AK eo he i fe fe Me Hee he he ee he oe ee He He ee eK KK He oe ee KK 
KE HK eK IK OH KK KK OK Ae ee eK EK eK 
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EXPERIMENTS . 
CLOSING REMARKS 


2. 
3. 


a re 





INTRODUCTION 


meeceme tc the Instructional Laboratory. This booklet is to 
assist you in familiarizing yourself with the HEATHKIT 
DIGITAL DESIGN EXPERIMENTER. This device can be used to 
breadboard (build) digital circuits using intedqrated 
circuits and connecting wires. The use of this device 
requires a fundamental knowledge Cle Gd2geeat SSW¥itching 
theory. A minimum understanding of Boolean Algebra may bes 
sufficient if all ycu desire is a dévice to assist ycu in 
understanding or learning digital theory. Check cut the 
HEATHKIT DIGITAL EXFERIMENTER and the HEATHKIT DIGITAL 
TECHNICUES instructicn books in Ingersoi, room 224. For NPS 
students, these bocks and the DIGITAL DESIGN EXPERIMENTER 
form a ccmplete digital electronics Puan) COUESE. 
Recommended courses cof instruction to augment this bock and 
the cther material mentioned are: IS-2000, EE-2810, and 
CS~3010. 


This bcok is written in programmed instruction format, so 


please fcllcw the page prompts for maximum benefit. 


WHEN READY TQ CONTINUE, TURN THE PAGE. 
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1. CAUTION 

A precautionary message must b2? inserted at this time. 
This design console is not itself designed to handle mcre 
components than will easily fit on the large terminal strip 
at the bottcm. Therefore, do not "jumper" to components not 


on the HEATHKIT device. 


WHEN READY TO CONTINUE, TURN THE PAGE. 


> Ep aD Ga ap == > om Ee Gao aaa 
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In crder to familiarize you with the DIGITAL TRAINING 
DEVICE, we will first describe the physical layout. In crder 
eo ctollow along, Flease use the device itself and the 


HEATHKIT assembly manual. Place the trainer where it is 
convenient to lock at and open the manual to page 34. 
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Section 1 
HEATHKIT LOGIC TRAINING DEVICE 


1.1 PHYSICAL LAYO 


SICAL LAYoU 
t 


As yeu look at 


T OF CONSOLE 

bemmope Of themeconsole, if is apparent 
that it is divided into seven sections. We will start at the 
top left and descrikre the function of each of the areas. 
First, hewever, notice that each of the top six sections has 
Several plastic blocks mounted on them and each block has 
four holés in the tcp. These are? called connector biocks 
and are used to make the electrical connections between 
sections and components. Each of the holes is electrically 
connected tc the others in the same block, thus any hole in 
a block will connect to the signal or component as per the 
label directly above the connector. For example, each of the 
holes in the connectcr under the +12 label will provide a 
positive 12 volt signal. 


WHEN READY TO CONTINUE, TURN THE PAGE. 
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i. 1. 1 ECWER SWITCH 


Looking at the top left hand corner of the console, you 
Will find the power on-off switch. This switch is on when 
the recker is pushed down on the left and off when pushed to 
the right. Do not flilug in or tuzn on the console until 


meemucted to do so. 


WHEN READY TO CONTINUE, TURN THE PAGE. 
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1.1.2 LCGIC INDICATORS 
The first area we will look at ais labeled -LOGIC 
BMDICATORS. You will see four Conneczor biocks ,as 
described earlier, and four light emitting dicdes (LED) 
labeled 11,12, L3, and L4&. When connected to a logic 
meeevat, these LED's will turn on or glow when a4 logical "1" 
SmeeHiGH" cignal is applied. A logical "0" or "LOW" will 
extinguish the led. 
WHEN READY TO CONTINUE, TURN THE PAGE. 
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1.1.3  PCWER SUPPLY SECTION 


Directly below the LOGIC INDICATORS, you will sse a 
secticn marked POWER SUPPLY. This is the part of the conscle 
that provides the required operating voltages for the inte- 
grated circuits you will be using to do designs and experi- 
ments. Elease ensur¢e that you understand this secticn prior 


to connecting any circuits together on the console. 


WHEN READY TO CONTINUE, TURN THE PAGE. 
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HeWe 3. t +12 

This block provides a positive twelve volt source. It 
should only be ccnnected to the +12 volt input pin (norméelly 
labeled Vcc) on integrated circuits that require +12 voits. 


Me te 322 GND 

The function of this block is to provide a completes 
connecticn for the operating power by allowing current to 
flow back tc the power supply from the integrated circuits. 
The connection is normally to the GND pin of the integrated 


mereulit. 


fet. 3.3 =—i2 
The -1Z2 volt source is similar to the +12 sourc?, and 
Should cnly be connected to components that require <-12 


volts. 


1.1.3.4 +5 | 

This is a different kind of power source. It provides the 
+5 volt cperating power as required by some integrated 
Circuits and thus is quite similar to the #12 and -12 velt 
sources. The difference is that this block is also cafable 
Sueeoeeviging a ccnstant logic signal of "HIGH" or "1". This 


feature is necessary in some digital appiications. 


WHEN READY TO CONTINUE, TURN 


ar 
tt 


HE PAGE. 
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1.1.4 LINE SOURCE SFCTION 


To the right of the POWER SUPPLY section you wiil ‘find 
the LINE SOURCE section. The function of this section is to 
provide a digital signal (square wave) that vari¢cs at the 
wall socket frequency, normally around 60 HZ (cycles fer 
second). An associated grecund connection 1S provided for 
this signal also. This ground is the same as the ground 
provided in the POWER SUPPLY SECTION. 


WHEN READY TO CONTINUE, TURN THE PAGE. 
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oa.5 CLOCK SECTION 


The CLOCK section provides a source of constantly 
changing or switching logic signals, at one of three sreéeeds. 


Experiment #2 demonstrates the clock operation. 


This is the clock cutput that normally will be used. The 
signal is a Square wave that switches atthe frequency 


selected ky the switch. 


inde Ded GND 
This is the same ground connection as before. 


m1. 503 CLK NOT 
This 


It 1s eprevided for the instances when the "FALSE" Or 


(n 


ignal is the logical complement of the CLK signal. 


inverted clock signal is needed. 


il. De 4 SWITCH 

The switch aliows selection of one of three operating 
frequencies for the clock; 1HZ, 1 KHZ, or 109 KHZ. A HERTZ 
(HZ) is one cycle per second, a KILOHERTZ (KHZ) is 1000 
cycles, ard thus 100 KHZ represents 100,000 cycles per 
second. If you have the LED's connected, you can see the 
mmeers Of the Switching carcuitzry at 1 HZ but the cther 


speeds are too fast fer the human eye to respond. 


WHEN REA 


ig 


TO CONTINUE, TURN THE PAGE. 





13 


i 





The LCGIC SWITCHES section will be looked at next. These 
connecticn blocks and switches supply selectable logic level 


to the positions they are in now (A NOT and B NOT). 


it. 6. 1 Aand A NCT 
These two blocks provide complementary signals, that is, 
when A is "HIGH", A is "LOW", and vice versa. A will be 


"HIGH" when the A switch is in the A position, and A will 


be "HIGH" when the switch is in the A (normal) position. 


i. 136.2 Band B NOT 

The operation of these connectors and switch is the same 
as for A and A. 

A simple exercise will be performed later to clarify the 


operaticn of this section. 


WHEN READY TO CONTINUE, 


URN THE PAGE. 


154 





1.1.7 LATA SWITCHES SECTION 


The section telow the LOGIC SWITCHES SECTION is called 
mae LATA SWITCHES section. It consists of four ccrnnectcrs 
and switches. Each performs in exactly the same way, so only 
one will be explained. The DATA SECTION will be the scurce 


SeeLegqic input signals for your circuits. 


mie 7.1 SW1 (SW2,S83,SW4) 

The cpeéeration of these switches is such that if the 
Switch is in the "UP" position (moved toward the LOGIC 
SWITCH s¢€ction) aero volt Hogte™™ signal Ys applied to the 
connector directly below the switch. Conversely, the "TOWN" 
Beositticn ccnnects GNC or a logical "LOW" to the connectcr. 

As with the LOGIC SWITCHES section, an expsriment will be 


performed that will ciarify these features. 


WHEN READY TO CONTINUE, TURN THE PAGE. 
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1.1.8 EREADBOARD SOCKET 


The last section of the console is the BREADECARDING 
SOCKET, which is not labeled but is the long object full of 
holes located at the bottom of the console. This is where 
you will be inserting integrated circuits for design of 
experimentation. Look carefully at the socket and cbserve 
that it resembles several of the connectors we have seen 
elsewhere all connected together. It performs the same func- 
tions as the connectcrs but has one major ditferance. Ncetice 
that the socket is divided horizontally by a slot that serfa- 
Beres cwc herizental rows of holes. The socket has five 
holes per vertical section, and as bafere, all five holes 
are electrically connected to 2?ach other internally. When 
inserting integrated circuits in the BREADBOARD SOCKET, 
always straddle the slot with the two sides of the chip. 
NEVER make connections to external devices or sockets, Since 


damage tc the power supply and conscle may result. 


WHEN READY TO CONTINUE, TURN THE PAGE. 
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Section 2 
EXPERISENTS 


ae EEFCRE PERFORMING EXPERIMENTS 


Read this page before performing the following experiments. 


ft. It is now time to flug the HEATHKIT LOGIC DESIGN 
MePERIMENTER in and apply power to it. First, ensure that 
the pewer switch is in the OFF (to the right) positicn. Now 
meage it in to any 110 volt grounded outiet. 


2. Turn the power switch on and observe that the red fower 


indicatcr light to the left of the switch illuminates. 


tn! 


3. When inserting and removing components, it is best to 


Euan Epcwer cit. 


4. After components are in place, you can connect or remove 


Wires with the pcwer cn or off without any danger. 


5. If at any time ycu suspect the console is not operating 
correctly, TURN IT OFF, and report the problem to Professor 


Schneidewind or your instructor. 


5. Remcve integrated circuits witno the extraction <*ool 


provided (lcoks like a tweezer) in order to prevent damage. 


bom) 





eZ 


2.2 LOGIC INDICATORS EXPERIMENT 


Refer to page 27 of the HEATHKIT MANUAL and connect cné 
end of a wire to +5. Then connect the ether end of the wire 
merst to L1, then L2, 13, and L4. Each LED should light when 
you connect the wire to it. 





log 








ues: 
2.3 CLCCK EXPERIMENT 


Refer to page 28 and position the CLOCK switch to the 1HZ 
MeerelOn. Ccnnect a wire from L4 to CLK, and ancther wite 
from L3 to CLK NOT. L3 and L4 should now alternate on-off at 
aone cycle per second rate. L3 should be on when L4 is cff 
and vice versa. Now position the switch to the 1KHZ fosi- 
tion. You should obserr seccnd rate. L3 should be on when L4 
is off and vice versa. Now position the switch to the 1KHZ 
position. You should observe that the LED's appear to be on 
continuously.In fact they are switching faster than ycur 
ey2s can detect. With the switch in the 100 KHZ pesiticn, 
the LED*s will also appear to light continucusly but ata 
brightez= intensity. 





V5 
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2.4 LOGIC SWITCHES EXPERIMENT 


Refer tc page 29 and connect one wire from LY to-LOGIC 
Switch A. Connect another wire from L3 tc logic switch A 
NOT. Operate the switch and observe that when the switch is 
in the A NOT poSition L3 is lighted, and when the switch is 
in the A position, L4 is lighted. 


WHEN READ 
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2.5 ATA SWITCHES EXPERIMENT 





Refer tc page 31and connect a wire from L4 to- DATA 
SHITCH 1. Operate the switch and cbserve that in the UP 
position, L4 is on. In the DOWN position, L4 should be cif. 


16 1 
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2.6  D-TYPF FLIP FLOF EXPERIMENT 


Refer to page 35 and carefully connect the wires required 
to build a D-TYFE FLIP FLOP, using the DM74OON integrated 
faenouit . Page 36 haS a Schematic representation of the 
circuit. In order to énsure correctness of your connections, 
you can fcllow the fcllowing listing. 

PIN 14 TC +5 

Paw 13 SEE PIN 10 

Peon 12 TC SW-T 

PIN 11 T0 PINS 9 AND 1 

PIN 10 TO PIN 13 AND LOGIC SWITCH A 

Pin 9 SEE 11 

Fam 8 TO PIN 5 

PIN 7 TC GND 

pan: «6G6lUCUSEE PIN 2 

Brmwe 5 SEE PIN 8 
Mmm & SEE PIN 3 
PIN 3 TO PIN & AND L1 
PIN 2 TO PIN 6 AND L2 
Peewee | SEE PIN 11 To test the 9peraticn of the O- TYPE 
FLIP-FLOE, apply power to the console and observe Li cr L2 
is on. Put Data switch 71 in tne "up" position and cycle 
Logic Switch A. At this time L1 should be lighted. Now put 
Data Switch 1 in the "down" position and cycls Legic Switch 
A again. £2 shculd be lighted and L1 off. For this 2xperi- 
ment, che Data Switch acted as the input Signal and che 
Logic Switch acted as the Clock input. The flip flop has 
voerforméed as expected, since a D-TYPE FLIP-FLOP is supposed 
to have as it's cutput the same Signal that was at the input 
when the Clock signal arrived. 


Vier 
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Additicnal information on the D-TYDPE FLIP-FLOP and cther 
circuits can be found in the HEATHKIT DIGITAL TECHNIQUES 
instructional material. For the adventurous, see experiment 
11 of section 6 for an example of a J-K FLIP-FLOP frequency 


divider. 
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Section 3 
CLOSING REMARKS 


This booklet , the Heathkit Digital Design Experimenter 
Conscle, and the Heathkit Digital Techniques material are 
provided to assist you in learning and understanding how 
@2gital electronic circuits operate. [fF you discover an area 
where improvement is needed, please notiry Professor 


Schnéelidewind or your instructor. 
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AEPENDIX C 
EROMET 80 TUTORIAL 
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INTRODUCTION 


Welcome to the Instructional Laboratory. In this laboratory 
you may werk with digital devices ona level from logic 
gates and the elementary electronics of computers to the 
fully integrated level of advanced microcomputer systems. 
Through this series of texts you can progress from little 
er no knewledge of digital equipment to a working famil- 
Zarity with advanced Automated Data Processing. However, 


this ccurse of instruction was not designed to make an 


expert of the student. Extensive outside study is needed 
Sec that. For that reason, the text will present only 
Simple examples and problems for demonstration. For the 


more séricus student other books and reference manuals are 
available in the Ccmputer Center Library and the Knox 
mepayar y . 

You sheculd have bFeen given the following material for 


epas tutcrial: 


This textbook on the Prompt 8:0 
The Prempt 80 machine 
The Erempt 80 Microcomputer User's Manual by Intel 


A FHCM (programmable read-only-memory chip) 
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In this phase of the instructional series you will b¢ 
exposed tc a low level digital computer, thea Prompt 80 by 
INTEL CORF. The Prempt 80 is based on the 8080 Central 
Processing Unit (CPU) chip, and 1s programmed directiy from 
the keyboard. As a prerequisite to this manual you should 
have a werking knowledge of the basics of computer arith- 
metic, including binary and hexidecimal notation, and a 
basic understanding of the functions of the computer. 

At the end of this course you will be abies to: 


1. Turn on and initiaiize the Prompt 80. 
2. Load and run given programs on the Prompt 80. 


3. Understand the basics of machine languagé 


programs. 


4, Write a simple machine language program from a 
Given algorithm, enter, debug and run the 


machine language code on the Prompt 80. 


Additionaily, you will be given instructions on hew to 
save ycur programs by "burning" a Programmable Readyvsonly 
Memory chip (PROM) with the Prompt 809 

Do not plug in tke Prompt 80 until instructed 


Put the Erempt 80 in freat of ¥ 


(Qu 
lo 


Oe 
[Ee 


liq 
3 
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Section 1 
THE PROMPT 80 COMPUTER 


1.1  INTROLUCTION TO THE PROMPT 80 

This section 1s aself-paced programmed guide <o the 
Frompt 8C. Each page has a short section to read, some 
@meecm £Cr you to perform, and further instructions. If vou 
get cenfused return te the last page which you fuily undeéer- 


meed and <ry again. 


When Ready, turn the page. 
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1.2 MAJOR DIVISIONS OF THE KEYBOARD 


For this section of the tutorial you will be referred tc the 
keyboard cf «he Prompt 80 itself and to the labels of the 
keys. There is a picture of the keyboard on page 1-6 of the 
Prompt 80 User's Manual. You should fold that page out of 
the manual and have it ready for reference to help you find 
the appropriate secticns of the keyboard as you go along. 
With the Prompt 80 in front of you, notice that *here ars 


six major divisions indicated on the face of the computer: 
1. Register Display Group 
2. Command Functicn Group 
3. Reset, Interrupt Group (Unmarked group of thréeé) 
G. EFRCM socket 
peens7O FOrts Connector 
6. Input/futput Group 
Locate ¢ach of these 6 divisions. 


When Ready, turn +he vage. 


170 





1.2.1 Register Disrlay Group 
The Register Display Group is ussd to display the contents 
of the CFU registers four bytes at a time, using hexidscinal 
fotation. (If you do not understand hexidecimal notation, 
stop now and read the secticn in the Prompt 80 User's Manual 
On ccmputer arithmetic.) The four bytes represent four 
registers inthe 80680 CPU. The printing below the digits 
show the names of the registers. The selector lights beside 
the titles show which four of the registers are being shown 
at the time. In the first tow are the labels 8,C,D and &. 
fe tOw 2 are 4,L,Flags and A (Accumulator). The third row 
Shows: the two bytes cf the Program Counter and the two bytes 
Mm the Stack Pointer. These are the names of the registers 
available in the Premrt 80's 8080 CPU. They are normally 
associated in pairs, E and C, D and E, H and L, and A and 
Flags. The Program Counter (PC) and Stack Pointer (SP) are 
always treated as pairs. 

If these terms are unfamiliar, or you do not understand 
the cencept of Program counter and Stack Pointer, read tha 


User's manual, pages 3-1 to 3-13. 


When Ready, turn the page. 
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1.2.2 Command Function Group 
To change tke register display from one set of registers to 
another, use the SCEKCLL REGISTER DISPLAY key in the CCMMAND 
FUNCTICN GkRCUP. 

The COMMAND FUNCTICN GROUP has 2ight digital readouts, 16 
numeric keys and 8 ccmmand keys. Two of the command keys 
have two markings--Next and (,) and Execut?/End and (.). 
These keys are the delimiting keys, and will be impcrtant in 
data Entry. 

The digital readcut nas three fields: The function 
field; the address field and the data field. Data frem the 
numeric keys are entered into these fields until a delimiter 


key is pressed. More on data entry later in this secticn. 


When Ready, turn the fagé. 
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The numeric keys have the 16 hexidecimal digits 0-9,A-F. 
These keys are used tc enter data into the address fieid and 
data field cf the display group. The F key also is a 
command key when pressed from the monitor state tc select 
one cf the 8 internal functions available to the user. 
These functicns will be discussed later, in the advanced 


Cperaticns secticn. 


When Ready, turn the page. 
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The ccmmand keys are used to command the built in monitor 

program in the Prompt 80. Four of the keys cause the func- 
tion field in the display to change after clearing: 


Examine/Modify Register produces EE 
Cisplay/Modify Memory produces dn 
GO produces GO 
Single Step produces SS (then EC) 


The SCRCLL REGISTER DISPLAY changes the display in the 
Register Display Greup as oreviously discussed. The 
PREVIOUS/CLEAR ENTRY key either erases the current entry or 
backsteps to the next lower address, depending on <*he 
sequence and mode in which it is used. 


When Ready, turn the page. 
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1.2.3 I{nterrupt/Reset Group 


The Interrupt/Reset key grcup controls the monitor pregranm 


built inte the Prompt 80. This program actually monitors the 


state of the CPU and provides the housekeeping functicns to 


enable the user to cencentrate on the program he/she wishes 


to operate without ccncern for a starting progran. The 


Beniter ccntrols the input and output for the keys on the 


machine, and interprets the key strokes of the user into the 


functions discussed in this section. The 
cupts the currently cperating program and 
the moniter. The USR INT k2y interrupts 
tion and st¢ps to the location 3Cc02 H. 


MON INT key inter- 
Eerupms  Ccchtrecl to 
the present ofera- 


The programmer may 


install at that location a jump t9 any address desired to 


indicate the beginning of the interrupt 
The SYS RST key reinitializes the Prompt 
mm conditions. This key will “rescue" 


uninterruptable lock ups. 


When keady, turn the page. 


Mie 


handling reutine. 
80 to initial turn 


the computer from 
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1.2.4 ERBOM Socket 
The PROM socket holds PROMS for reading and writing. ie 2s 


Meezero insertion force socket. The movable handle lecks «he 


2) 
t 


PROM in the socket and releases it when desired. 


1.2.5 1/70 Port Connector 
The IvO FORTS connectcr is provided to connect the Promrt 80 
to an external device. This connector is used te connect to 





card or tape readers and printers, for example. The use of 
she IvyO ccnnector is beyond the scop2 of this text. See the 


User's manual for more information. 


When Ready, turn the page. 
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Grceup has 16 LEDs, 


Se eaCGheror  “lnpus and 


1.2.6 Input/Output Group 
The InputyOutput 
Output. The 9 keys below 


lighted LED 
sents a binary 0. 
LED changés the input from 
RST key resets ALL bits to 


When Ready, *urn the rage. 


represents a binary 1 


Fressing the key 


the lights centrol theme A 
and an unlit LED repre- 
below the appropriate 
Ole Oueilie the 


Os 


To erase the I's, 


ee 








10 
This concludes the basic d¢escription of the keys. Med 
should new know where the keys are, and roughly what they do 
en the panel of the Prompt 80. If you need to you can 
repeat this phase. The foldout page of the Prompt 80 User's 
Manual can ke kept fclded out as a reference for the rest of 
maas tutorial. If you are referred to a section of the 
toard and cannot remember where it is the picture can help 
meu find it. 


If you wish to repeat this phase, do so now. 


When Ready, turn the page. 
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1.3 APPLYING POWER TO THE FRONPTSO 
Move the Frompt 80 near an electrical outlet with 110 v. AC 
(normal mains). LO NOT PLUG THE PROMPT 80 IN UNTIL 


myo LRUCTED TO DO SO. 

The On/Off switch is a rocker switch found near the fuse 
socket on the back of the unit. Before plugging the unit in 
+o the wall socket, check to see that the selector switch 
next to the ON/OFF switch is in the 115 v. position. Turn 
the OnsOff switch to Off and then plug the Prompz 80 into 
the wall sccket. . 

Mcve the On/Off switch to the On position. tiewcan for 
air ccoling should new come on, indicating power is applied. 
The digital readcuts should light and quickly stabilize. If 
this does NOT happen, return the On/Off switch to OFF. 


When the unit is properly turned on you will be ready to 


continue. 


When Ready, turn the page. 
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The Register Display Group should display the foilcwing 
aegits: 
le 2634 FerpeaA A 


And the selector light should indicate that «his represents 
the data in the HL and FLAGS, A pairs of zhe CP 

Depress the SCROLI REGISTER DISPLAY key in the COMMAND 
Group once. The grcup indicator should move down to indi- 
cate the registers new displayed are the Program Counter and 


tack Pointer. The digits should read: 
6a) B99 30859 0 


indicating that the EFrogram Counter points to 6789 H* and 
the Stack Pointer is pointing +o 3F90 H, the first availabl2 
stack address. The PC valu? is not usable, but 1S an 
eietializing value only. 

Press the SCROLL key again. The selector LED row shows 
that the BC, DE pairs are displayed. The digits should 
read: 


DO ewre . Oe ues nr 


Again, these are initializing values. 
Press the SCROLL key again to return the display to ths 
Bi, Flags, A display. 


When Ready, turn the page. 


=e 4np 4p ap @ ep 2 oo 2D O22 SD 22 4D SD 4D =e 


* The "H" indicates that the preceding number was written i 
ee ct ral nota <ion. This convention continues throughou 
nis SxXT e 


nN 
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1.4 MODIFYING A REGISTER*S CONTENTS 
To demcnstrate hcw tc modify the contents of a register pair 
we shall use the HL register pair. The Register Display 
Group now indicates that that paiz contains 1234 H. 

Mo modify that pair, or any pair, the Examine/Modify 
register ccmmand key is used. Press that key now, once. 

The Function field of the digital command readout should 
change frcem a hyphen and now display “Er" indicating that we 
are going to 2xamine ocr nodify a register. 


If it does, turn the fage. 


me at does not, press SYS RST and then Examine/Ncdify 
register. It shculd now be as described above. If it still 


is not, seek assistance. 
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[ew] CRitce Now anticipates the input of which register 

mo modify. The registers are numbered from 0 to B hexide- 
cimal (0 to 11 decimal). To indicate the register Oo 
mcdify, you will press one of the numeric keys frem 0 to B. 
To determine which key to press for each register, look at 
the Register Display group now. The registers are identi- 
fied telow the Register Display Group in three rows cf fcur 
each. In addition to the name of the register, there is a 
small number beside the register name as they are displayed 
that indicates which numeric key to press for the corres- 
ronding register. In other words the B register is number 
QO, the C register is number 1, etc. Using this scheme the H 


register is number 4. 
Press the 4 key once now. 


When Ready, turn the fage. 
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The address field of the command/function 
now display a4, indicating «the address of the 


is to be displayed and modified. To indicate 


15 
group skouid 


entry is finished, we must now press a delimiter key. Since 


we will be entering more information, the 


press is the Next (,) key. Press that key now. 


Wnen KFeady, turn the pags. 
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The data field of the command/functicn group now disrlays 
the number 12, the current contents of the H register. This 
is ancther confirmation that you hav2 selected the proper 
register for modification. Look at the Register Display 
meeunp and ccnfirm that the H register is filled with a "12". 
Now that the moniter has the function and register infor- 
Maticn the last thing needed is the data to insert. Press 
any numeric key and cbserve that the number is displayed in 
the data field of the command display. Press another number 


and tke first number moves to the left, with the new number 


showing up in the right most place. Press a third number 
and the left one disappears, Shirted left out of the 
display. The second digit moves to the left and the new 
ment 25 again in tke right most place. The shifted cut 


digit is lest, and net remembered by the Prompt 80. This 
feature of shifting cut can be used to correct incorrect 
entries without having to go through the sequence 3g SLI 
Additicnally, this will continue as iong as you press keys. 
fo make sur2 we are still together press the A key followed 
ty the B key. The data field should new display the digits 


Ab. This is the value to be inserted to the H register. 


When Ready, turn the page. 
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Ho. @@complLish the insertion of the data inte the 4H 


register we must press a delimiter key. Either the ({,) or 
(®) key will do. The difference between them is that tae 
(,) dees not end data entry and the (.) does. Since we are 


going to enter data into the L register, in additicn to 
entering data into the H register, press the (,) key new. 

The AE in the data field should now go away, and the 
display of the HL register should now display that the 
register has that value in ir. Tne Register Display Group 
should new read Ab34FFAA. The command/funct:on group now 
displays 


TE 2t dcées, turn to the next page. 


mieat aces rot, rede the previous five pages until you 


understand and have *+he right results. 
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The mcnitor program has now stepped to the next register 
in an ascending sequence. That is, the monitor is ready to 
modify register number 5, as seen by the "5" in the address 
display, (which is the the L register) and is currently 
indicating the value ir that register, Bile. Check the 
Register Display Grceup again to verify that this is the 
contents cf the L register. Press the C and D numeric keys 
in that crder, observe that the data fiald of the command 
display new has the two characters in it, and then press the 
(.) key to indicate tc the monitor that the data in the data 
field is ready for the L régister, and that no mere data 
will be entered. 
The display in the command register will display the 
characteristic hyphen indicating no function selected, and 
the Register Display Group should read AbCdFFAA. 


If it dceés, proceed to the next page. 


ct 


‘ 


Zee | «6€6OeS not, re-enter the data until the L register 


indicates the prceper data. 


When ready, turn the page. 
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1.5  ERRCR MESSAGES 
You may have discovered that the monitor may give you the 
message "Error" in the command display if you do net press 
the ccrrect type of key. This is a simple alerting device 
to advise the user that the sequence of key presses is not 
propel. The monitor does NOT test for the validity of an 
acceptable key, Orly that an acceptable key has been 
pressed. If thea Errer message appears, the Clear Entry key 
feel COrmect it and return you to the moniter progran. 

As a demonstration, press the Examin2/Modify Register key 
twice now. At the second press the Error message appears, 
indicating that the second key press was inappropriate. To 
clear the Error message, press Previous/Clear Entry. The 


hyphen reappears. 


When Ready, turn the pag3:. 


Tee? 





20 

1.6 MODIFYING MEMORY LOCATIONS 
The Display/Modify Memory works in much the same way as the 
Examine/Ncdify Register function. The difference betwee 
the two 1s that the Memory function must de given an address 
to medify cr display, which will be present in the address 
field of the ccmmand display, and that data field will 
display the previous contents of that memory address before 
modification. 

To medify an address in memory, the sequence of key 
presses is; 


Press Display/Modify Memory 

(produces dn in display) 
Enter the address into the address field. 
Terminate address with (,) 
Enter data to go into address in data field. 
Press (,) if more data for next address is tc be 


entered, (.) if ne more data is ready. 


The PREVIOUS key will backstep through memory in the 
display mcde. To step forward, Simply enter no data to 
modify the address and press either (,) or (.) for the next 
address. 


AS an example, press the Display/Modify Memory key new. 


Observe that the display shows dn. Now input a four digit 
address (any number below 3000 wili do. Lom Tena 216 
address, press (,). The display will immediately show the 


contents cf that address. Press PREVIOUS to see the address 
decrease by one and the contents change. Press NEXT (,) to 
return tc the initial address and press (,) again to ste 


to the next higher address. 


When Ready, turn the rage. 
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o.7 GO 
fie GO key transfers contrel to either an address 
from the keyboard into the address field or to the 
in the EC register if no data is entered into the 
field. The command is executed when the delimiter 
pressed. 

The sequence cf key presses is: 


Press GO, cbserve GO in the function field 
Enter an address, press (.) to go there or 
Press (.) to go to the address in the PC. 


An example of this function wiil be given in a later 


sion. 


When Ready, turn the fage. 
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entered 
address 
address 
C)imesies 
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1.8 SINGLE STEP 
SINGLE STEP moves through the program similarly «9 GO, 
except that each press of the key moves the PC one step. 
This can be a useful key to debug or examine the functicning 
cf the proaqram ina slcw manner. The register contents can 
be checked eat each step to see if the program is working as 


desired, cr to lccate the mistake. 
An @xample of this will be given later in the text. 


When Ready, turn the page. 
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Gmrcecencludes the introduction phase of this t=xt. In 

the next section you will be asked to enter a simple prcgranm 

from the keyboard, tc run and test 1%, and then to load the 
Same programs from the PROM you have been given. 

If you desire to stop in the middle of the text, this is 


a convenient place tc stop. 


Continue when you are ready. 


To 1 





Section 2 
RUNNING A PROGRAMS IN THE PROMPT 80 


2.1 ENTERING A PROGRAM 

Now that you know how to modify memory and registers, it 
is time to enter and run @ program which is given tec you. 
The sequence of operations 1S the same as in the previous 
section, using the Display/Modify Memory key of the 
Command/Function Grour. 

To begin, the first address of the program is 3DEO H. To 
enter this address, rress Display/Modify Memory, and observe 
the "dn" in the Function field. In turn press the 3, d, é, 
and O numeric key. The address field should now display 
3dEO. The data for that address is 3E. Pr=zss the Next (,) 
key to indicate that there is more data to follow, then 
press the 3 and E keys in turn. The Command display should 
mow read; 


denies da) FeO 3 & 
To enter the data to memory, press the Next (,) key. 
The ccmmand field shculd now read: 

oh tel 3) Stel 9s aS 


where the X's indicate that any value could b¢ present. The 
address field has been incremented +o the next hiadher 
address, and is ready for data entry to zhat address. The 
data for this address is 8b. Enter that data. 


Now that you know how to enter data, turn the page and enter 
all the data as shewn in the table. You have already 
completed the first 3 steps. Begin with step four. Nets 


T9e2 





ZS 
mee difference in ster 21 where you enter a (.) +o end data 


entry. 


When Ready, turn the page. 


eS 








le ( ) Uasplay/Modify Memory 
é. (3) (d) (e) (0) () (3) (2) 
3. (,) (8) (bd) 
4. (-) (ad) (3) 
2 (,) (e) (Dd) 


6. (,) (C0) (2) 


Je (,) (cd) (b) 
10. (4) (8) (9) 
V1. (4) Ce) (dd) 
V2. (4) (£) 4) 
13-0 (4) (0) (7) 
14. (,) (0) (4) 
1S. (+) (CE) (2) 
16. (6) (¢) (6) 
VT. Ce) C2) (d) 
18. (4) = (¢) (3) 
19. (-) Ce) (4) 
20. (7) (3) (4) 
21. (.) (this ends program loading) 


When Ready, turn the page. 
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Now that the prcgram is in memory ycu are ready <t09 
execute it. Press the GO key and observe that the function 
field reads GO. 

Tc prcevide the preper address for the GO instruction, 
recall that the program you entered started at address 3EDO 
Hi. Press the 3, e, 4d, and 0 keys in order and observe that 
the address field reads correctly. If it does, you are 
ready to tkegin the creraticn cf the progran. Before you 
execute the program, here is what it does: 


Fach of the digital LEDs on the display board is 


made up of 8 sections, 7 straight bars and one 
pericd for decimal points. These 8 sections can 
be lit individually by this program. To chocse 


mimen sections to light the input/output grceup 


keys will be  tsed. One of th® bars, or the 
decimal point, will illuminate when the correés- 
ronding I/O key is pressed. Pressing another key 


Will illuminate another section. When you run the 
Frogram you can experiment and find which keys 
light which sections. To extinguish all secticns 
you will press the reset key. That is the sole 
function of the program you have entered. flew 
tests ali of the segments of all of the LEDs at 


ONCE. 


When Ready, turn the page. 


1g 








Now ycu may begin the program execution by pressing the 
Execute/End (-) key. 

You may experiment with this program as you wish. ~ Méke 
aS many patterns with the I/O Group keys as you can. canes 
an interesting effort to determine the binary combinaticns 
that make up the decimal digits. Note also that not all 
segment ccmbinations have any meaning, and that not all 
alphaketic letters can be formed with the led segments 


given. 


When you are ready te end the program, turn tc the next 


page. 
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Perch oetwe= Pecgram, press the SYS RST key and the initial 
state of the computer is restored. It yeu wish you can 
examine the memory ccntents and see that the reset did rot 
destrey ycur program and thus a GO(,) 3DE0(.) will start the 


program again. 


WHEN REALY, TURN THE PAGE. 


1S 
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This corcludés the introductory phases of this manual. 

The fcllicwing perticn of the text is written ina mere 
classic style, without the directions to perform any actions 
directly. The remainder of this manual will give ycu infer- 
mation on the Instruction Set of the 8080 CPU, how to 
convert an algorithm to machine ianguage, and an intreduc- 
tion to the advanced functicns of the Prompt 80 (such as 


reading and writing a PROM cf your own.) 


198 


yy 





Section 3 
WRITING ASSEMBLY LANGUAGE PROGRAMS 


Now that you can enter data into and manipulate the 
Memory of the Prompt 80 you can begin to write ycur cwn 
programs fcr the machine. If you already know how <toa 
program in machine language, you may skip chis charter and 
continue in Section IV. If not, this chapter will present a 
Simple example of how to program the Prompt 80. More inde- 
rendent study will be needed for the serious student of 
Machine language progtamming. 

To begin the process of writing a program one needs to 
analyze the problem tc determine the input, process and 
desired output the program is to have. In this example we 
shall use a Simple task as the process; the multiplication 
of a 16 bit number ty an 8 bit number to produce a number 
whose bit size is no larger than 16 bits. The input will be 
the two numbers, in tinary, and the output will be in binary 
(note that the Prompt 80 will display the answer as hexide- 
Cimal, tut that the rcrogram will handle the data one bit at 
atime.) The process will be the typical binary multiplica- 


tion , as shewn in the figure on the next page. 
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ap eae 2 2iaw SS SS 2p ape ae eae ee ee er ee ee ee ee Se ee ee a 
mm apne =e ae ae ayes 22 4 ae 22a 42a Se eae ae ee ee ae 


<> a <P > cP cE ce De es ee ee eee 
<> a em Ds es ee es ee es es ee ee es ea 
= De ae ee ee ee eee ee es ee a es es a a ae ee se 
_ =a ae oe om a an a ee a ee ee a ee ee ee ee a oe ee oe ee ee ee ee eo a ee ee eo 
_—ap =P ae aa aw ow ae ee eo a oe 9 So oe ee oe oe ee ee ee ee ee ee a eae a ee eae ee 








| ADD Multiplicand to Partial Product 


Z00 





———L 
— = 


Ud 
UJ 


Pott escoesceD GmeeWwritimg the program is to writs 
(usually in longhand) the steps that we wish to perform, in 
crder, and to desk check the solution. In this case, the 
nd 
from memcry. The second step is to fetch the multiplier 


first step in the algorithm is to fetch the multiplica 


from memcry. Write these two steps down in a column ona 
piece of paper new. At this time we are net concerned with 
the specifics cf HCW the Prompt 380 wiil do these two 
actions, brut with WHAT we wish it +o do. 

memeedndard, the thitd step is to initialize a partial 
product location in the computer that will be used later on. 
As the last step in this initializing process, we want to 
load a counter with the number of times the process is to be 
repeated, that is, 8. 

Our plain text precgram should now read: 


Get multivlicand. 

Get multiplier 

P@ecialiize partial product location. 
Bet ccuncter to 3g. 


With this much ccmpleted, we are ready *o perform the 
actual multiplication loop. The first step in the locp is 
to shift the partial product to the lert one place. Then 


The multirlier werd is shifted to strip off the most signi- 
ficant byte. Picea esteDSanen 25 abOQut tO occur. he ne 
most significant byte is a 0, the program jumps to the foint 
at which the most significant byte is restored to the multi- 
plisr. The counter is then decreased by one. IF it isa 1, 
the aintervening step of adding the multiplicand to the 
iMerEOoauct @SCurs. In either event, the multiplier is 

then shifted to the right, and the counter is decreased py 
2 
If che counter 1s now NOT squall to QO, the leor is 


performed again from the point at which the partial preduct 
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34 
was shifted left, as above. This process is continued until 
the counter reaches 0. At that point the answer is now in 
me partial product location, and all that remains +o do is 
to stcre it in memory. As a test, write out the steps 
above, and then look at the next page to see if your program 
agrees with the cne provided by the author. 
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TIELY ALGORITHS 
CGRAM TO MULTIPLY TWO BINARY NUMBERS 


Get multiplicand. 

Get multiplier. 

Initialize the partial product location. 

Initialize counter to 8. 

Shift left the partial product. <--------------- 

Pec lf PULTLELIGE bit. 

IF it is 0, jump tO ----- 0-22 - He -- === 
Fise, add multiplicand to partial product.]| | 

Restcre the multiplier bit. QR err sw rr errr -- | 

Decrement the lccp counter. { 

If NOT zero, repeat From --- ee ee eee e-- -- ------- 


Store in memory. 


End cf program. 


a0" 
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Now that we have a program in English, we have tc trans- 
late it intc machine code, O's and 1's. To assist in this 
process the developers of the 8080 CPUs provide a systen of 
Mnemonic devices to assist the programmer. The first step 
4s te translate the English into the mnemonics, then 
transfer the mnemonics to hexidecimal equivalents. This 
avoids the necessity of making a much larger jump ftom 
English tc machine language directly. 

In the Prompt 80 manual you will find a summary of the 
mnemcnics fcr the 8080 chip on pages 3-20 to 3-37. Although 
at first the code locks imposing, study will reveal that the 
Bastructicns fall into several categories--accumulator 
mmisotroucticns, byte instructicns, word instructions and 
eencesol instructions. The manual has divided the mnemcnics 
Within the four grcups into functional areas with add, 
Subtract, ¢tc, grouped together. 

impemrtarsc Stee in cur program was to get che multiplicand 
from scmewhere in memory. For the time being we shall 
assume that the location will ccme latezc. For now we shall 
Geter to the word instruction table fer ar instructicn to 
fetch a werd from memory. On page 3-31 we see the instruc- 
meen Nnemcnic “LALD." This machine instruction will load the 
HL register pair with the contents of a memory address. The 
memory address is te follow the mnemonic and has four 
a2 al Se Of importance is the fact that the L register qets 
the ainfcrmation at that address and the H register the 
informaticn at the address-1. This is a pattern followed 
eeeoughcut the 8080 famaly of CPU's. Note also that the 
next instruction on page 3-31 is "SHLD" and perferms the 
miverce CE "LHLD",*» i.e., it stores the ccentents of the AL 
pair in an address in memory. Looking at our program we see 
that we shall want to do that as a last step, so we should 
arrange to have the answer in the HL pair so we can store it 
conveniently using SHLD. Since the partial product will 
eventually be the final product, then the HL pair should 
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mold the 
foldang the multiplicand 


fartial product of 
or 

instruction the HL pair will 
have tc move the data somewhe 


Bertial product. Ret ween 

Multiplier" now comes "Move HAL 
We have now added a step to 

HL PAIR TO The 


choice of any of the registers 


(Somewhecze). 


8080 program instruction set. 
*he werd instructicns that 
of then 


the HL registers with 


ert 
quickest 1s on page 3 
value in 
and cnly takes 
and will te used from here on. 
me it, the b 
works here and w2 shall use it 
that the 
ke get 
the 
the 
can be shifted 
it in the 


Instructicne we see 


and may not be 


multiplicand 
the multipli 
multirflier 


Now 
have Eut 
calls for =O 
leoking at instruction 
directly (pg.3- 
accumulator. 
NIDA" as 


in memory. 


have 


from an address 
the 
the 
the 


partial product will 


prcgran. The final step 
MitclLalsgation of the part 
initial value 
be 
that this pair is at 0 
HL 
+he register 


in the 
now. 
put a value inte we find 
identifie 
AGL 


as we want. 


loads 
dat2a16. 


and L registers, 


In cther words, 


20 


4 cycles to accomplish. 


set we see 


CipeieuPpabcltal product, 


Bw 
than 
Pach Wes, 


rather 
After the 


the process, 
multiplier. 
hold the 


else to make roon 


multiplicand, so we 
cOz.ene 


"Gert 


re 
"Gert 


to somewhere’, 


multiplicand" and 


MOVE THE 


cur £ree 


hamely, 
be 
that can be addressed by the 
lLcok 


Tne 


Our rE og rau 5 
(somewhere) can 
emia ker<cna =. deetsion, 
data and pick one. 
wKCHG!. 


in the DE registers 


move 
-30, 


he 


[= erades whe 
vaius 
Miss 1S GLricient, 
This is NOT the only way to 


eseerim aid Tt 


applications. 
2s safely in the DE pair, we 
er 


be 


from memory. The preqran 


Shifted eight times, and 


that the accumulator 


23ye Ghererors, it is best to 


Looking through the accumulator 


shat loads «he accumulator 


This wili be the 


one 
nex* step in 
Pum eeo che ult iplicaz:icn is 
lal product and counter. For 
recall that the 
HL pair. We want tc ensure 
ame necceueccicn to 
16". Tas 


she number 


Pockirng L£Ot 
"LXI regl6, 
qd by 


H,O" wiil put zeroes in both H 


data 


r2g16 with 


Similarly, if we use the B 


5 





Sile 
register as the counter, putting an 8 in it can ke acccn- 
plished using the byte instruction “MVI B, 8." 

Since we are now ready to loop it is useful to identify 
the pesiticn of the reginning of the loop with some tempo- 
rary name (label) so we can rapidly find it again. For this 
exercise the loop will simply be called "LOOP" and that name 
should be written beside the instruction to shift the 
Partial product left, since that is the first instruction in 
the lcop. At this point we should reorganize the progran 
snto three columns, one for labéls lik2 "LOOP", one for 
mnemcnics and one for the plain English description. 

Do that now, and then turn to the next page for a check 


of your werk so far 
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LABELS MNEMONICS ENGLISH 
Scart LHLD Get multiplicand. 
XCHG Move multiplicand to DE registers. 
LCA Get multiplier. 
Ex SO Set Partial product to 0. 
MVI B,8 Load loop counter. 
LOOP Sipercwlett the peccsal product. 


Sepa wUicipliecr bit. 
ie 0, yump around next instruction. 
ae, padGuiuitapuarcand to P.Frod. 
Restore the multiplier bit. 
Decrement Loop counter. 
PeaiGteccro, juno tO LOOP 
Store answer in memory. 
Now that you have the process, Ssé¢ if you can find 
Mise cucticns to shift the partial product to the left. (As 
@ahint, remember that a shift to the left of cne fosition 


dcubles the value of a binary number!) 
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Although many ways of accomplishing that task are avai- 
lable te the programmer, we have chosen was "DAD H", which 
Simply adds ths HL pair to itself, thereby doubling it. The 
result is that the pair is shifted to the left one pesition, 
as desired. Tricks like this on2 are frequent in machine 
language programming. Remember that the most obvious solu- 
tion may NOT be the most effective. Seanem for stfiwcient 
code whenever possible, either to decrease memory require- 
ments or to speed up the operation of the program. 

To strip off the multiplier bit th2 accumulator command 
WRAL" will shift the accumulator left through the carry bit. 
fee nis Way the carry bit holds the most significant bit of 
the accumulator, the bit we are interested in at the moment. 
Since tke carry bit can be tested for its value, we can 
Eranch at this point depending on the state of the carry 
Pot. The desire is to jump around the next step if the 
carry is @ (NOT SET). The2 mnemonic is "JNC addri6". Baan 
now we do not know the address we wish to jump to, but it is 
the statement which says "Snift the muitiplicand to the 
right." Fer now give it the name "NOADD" and «he mnemonic 
will te "JNC NOADD" for the time being. 

If the carry 1s 1 (SET), the next stép 1s executed, 
namely, addthe mudtiplicand to the partial product. The 
Sweeeal ~Loduct is in HL, the multiplicand in DE. “DAD D™ 
will add DE to HL, which is what we want. Now we want to 
restore th¢e carry cit to the number in the accumulatecr. 
(This is not needed te perform the multiplication, but will 


restore the multiplier at the end of the program, a desi- 


rable result in some applications. This is call "non- 
destructive.) The command ACI 0 will add the carry bit, 
the accumulator, and 0O together, resulting in putting the 


Berry bit back into its place in the accumulétor. 
Te decrement «he ccunter (the B register), at NOADD, v8 


use "DCR Bt, After decrementing it, we test for the value 
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Se 2 and if it i235 0 we jump back <o 
"INC" abcve, the command "JNZ LOOP" 
~ flag 
When the 
does NOT 
After 
SET and 
perform 


(shcwing a QO resulted fron 

CCR B results in a 0 the Z 

take place. 

the B 
falis through the 
the Store 

FSHLE’ to move 


looping 8 times, 
the JNZ 
ea tO 
planned to use 
the 


concludes ercgramming of 


should have a program that looks 


page to work with at this time. 
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register is 0, 


in memory. 
the answer 
this 


like the one on 


4 4 
Like 
will jump to LOOP if the 
the DCR B) is NOT set. 
Blagq iS SET and the jump 


meer, tO Continue. 


the Z flag 
LOOP command (doesc not 
Remember that we 
That 

You 


the next 


tO MEMNOTY. 
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LABEL MNEMONIC ENGLISH 
Start LHLD Get multiplicand. 
XCHG Move it to DE. 
LDA Get multiplier. 
Law 4,0 MoocldiiZe Partial product. 
MVI B,8 Imistaatize counter 
LOOP DAD H Suit Let~ Daktial prod. 
RAL Sete =enewSesce Seg. bit to carry. 
JNC NOADD saap if 0 in carry. 
DAD D Add DE to HL. (m'cand to P.prod.) 
ACI 0 Restecres carry bit. 
NOADD DCR’ B Decrement counter 
JNZ LOOP LoOormar: 0. 
SHLD Store answer in memory. 


End cf pregran. 

This is the heart of the program. Ou=y) task is -.not 
completed, however. All of those jumps and memory reads and 
writes need addresses. In addition, the 8080 CPU does not 
work diréctly on the mnemonics, but needs binary (or hexide- 
Simeal) iccdae. That is the final stage of programming in 
machine language--coding the mnemonics into hexidecinal. 

As you can see, each mnemonic in the Prompt 80 manual has 
associated with it a hexidecimal representation in one byte. 
In addition, some codés requir? additional bytes as infcrma- 
erem for the instruction. For example, our first instruc- 
tion "LHILD" is shown 4s 2A XXXX, where the X's represent two 
additional tytes as an address. Since we have net decided 
where to put the input information, Simply transfer the 
Poa. " to the paper with the program. We will fill in the 
addresses later. New finish looking up the codes for the 
rest of the muemcnics, being careful to get the additional 
Eytes correctly. When done, Eehmwon theenext page and 


compare ycur answer tc that of the author. 
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MACHINE CCDE LABEL Neuen C ENGLISH 
2A_ Stare LH LD ec MULtiplicand. 
EB XC HG Put it in DE. 
[ . LDA Get multiplier. 
210000 iD “H', 0 ia casi ze HL. 
0608 mv iI 5,8 Initialize B. 
29 LOOP DAD H Mitton Lett. 
17 RAL Strip MSB of A. 
a JNC NOADD Jump if carry=0. 
19 DAD » ADDeps <0 Tis 
CEOO ACI QO Restores carry bit. 
05 NOADD DCR 3B Decrement counter. 
iim JNZ LOOP Jump if NOT zero. 
ae Sain Store in memory 
Now that we have a program with fixed length, we can 
choose a start address and fill in the blanks we had to 


leave before. For this problen, set the start address to 
3D329 H and assume that upon commencement of the prcgram «he 
multiplicand will be at address 3E01 H and the multiplier at 
SEOO H. We will stcre the answer back into 3E01 4H when 
finished. 

To insert these addresses remember the discussicn abcut 
the process used to lead registers and that the 8080 family 
of CPU's locks az infcrmaticn in reversed order. Therefcre 
the addresses should follow the instructions in reversed 
Byte crdaeéer. That is, instead of 3E01, we write O13E. The 
CPU will reverse the address as a process of fetching the 
snformaticn. Hence, the first line now becomes "2AG13E", 
BaaeCating that the function "2A" is to be performed on 
memory lccation 3£E01 iH. Simaar ly , "3A___ ™ becomes 
Memv0SE", and the SHLD instruction is "22013E". 

That leaves only the jump addresses to examine. For this 
Program the start address wili be 3D39 H. That means that 


the first byte in the program will be loaded in 3D39 4, and 








4u 
each following tyte goes into successive locations. To 
indicate the start address, the mnemonic "ORG" (for OR:iGin) 
is used, with the address of the start of the program. To 
compute the JUMP addresses simply count down byte-by-byte to 
the JUMP destination and insert the data. 

Finally, we must end the program somehow or it will 
continue tc execute beyond the code we wrote. ie, thas 
happens we cannot anticipat? what will happen! Row preven= 
this trip to nevéer-never land, we insart a command that will 
pericrm scme step we KNOW. RST 6 is the mnemonic fora 
breakpoint, andcan be uséd here to return control to «he 
mcnitcr program so we can examine our results. The code for 
RST 6 is "F7" and is the final byte of the progran. 

Number the locaticns, fill in the jumps and then compare 


your work tc the final product on the next page. 
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3.4 PINAL MACHINE LANGUAGE PROGRAM 
ADD. MACHINE CODE LABEL MNEMONIC ENGLISH 

ORG 3D39H 
3D39 2A013E Start LHLD Get Muictiplicand. 
eeoc 608 ER XCHG Put se an DE. 
3D3D 3A003E LDA Get multiplier. 
3D40 210000 LDed, 0 TRHiciawkige Hix 
3D43 Cé6C8 MVI B,8 mM2ewealize EF. 
3D45 29 LOOP DAD i Swe HL Lett . 
3D46 «617 RAL Scan MSiB ofeAs 
3D47 D24C3D JNC NOADD Jump if carzry=0. 
3D4A 19 DAD D ADD DE =O HL 
3D4B CECO ACI OQ Restores carry bit. 
3D4D C5 NOADD DCR B Decrement counter. 
Bots C24530 JNZ LOOP Jump if NOT zero. 
Bot 22013E SHLD tore in memory 
3054 +#F7 RSL. 6 Breakpoint to monitor. 
Final pregram, with addresses. 


Now that we 
insert data in 
the techniques 
written akcve. 


remenrker to press the (.) 


have the prograg, we are ready to enter it, 


the appropriate locations, and run it. Using 
already discussed, enter the program as itis 
When you hav¢ put the final byte inte 3D54 H 


key to end the input phases. When 


you have done that turn the page. 
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Now that the program is entered into the machine we have 

tc give it some data with which to work. Meehn.Ls “oregqral 
the data is read from two addresses in memory, and the 
assumpticn was made that the data would be placed there by 
some cther action external to the program itself. For the 
first preblem we will multiply 7 by 4, and will expect to 
get 2€ as a result. Using the Display/Modify Memory key fut 
the 4 inte 3500 H, and the 7 into 3E01 and 3E02. Since the 
8080 CPU addresses memory in inverse order,. the Least 
Significant Byte of the number goes into 3E01, and «he Mest 
Significant Byte goes into JE02. The four dicit representa- 
tion cf 7 decimal in Hexidecimal is 0007. Chop e LES =: ewe 
zeroes are the Most Significant Byte (MSB) and the 07 is the 
Least Siaqnificant Byte (LSB). In the case of the multi- 
plier, 4, the byte to insert into 3E00 is 04 H. Enter these 


numbers now, and wner done turn to the next page. 





47 
To run the program press the Go key, enter the addrees of 
the program, 3D39, and press (.). 


= 


The Command/Functicn readout should have changed to read: 


Eee. 3 Geo. 7 F 


jm. it dces not, re-check that you have entered the 
program properly. If the readout does not light, press the 
SYS RST key to break the program running and return tc the 
meen Cn condition. The proaqram should then be checked for 
entry errers using the Display/Modify memory function. 

The answer is in the lccation we stored it, 3£01 H. Lcok 
there now, using Dispflay/Modify Memory, and see if you got 
the ccrrect result. Remember, the answer is in hexidecinal 
metation. You should see that 3E01 has 1C and 3E02 has 00. 
Putting these values together in proper order yields OO1C H, 
and that evaluates tc 28 decimal. If you cannot find these 
values, check that the program is properly entered and try 
again. 


When Ready, turn tne page. 
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Once ycu have the program properly running you can sse 
that it does not take long to compute the answer. 160) Lig nouew 
it is so fast that ycu cannot really see what is happening. 
To slcw the process down we can use the Single Step function 
to move one step at atime through the program. We shall do 
that ina moment, but before that we should consider what 
the 8080 CPU actuaily does in each single step. 

In the irternal precgram of the 8080 CPU the instructions 
implement micro-instructions that actually carry cut the 
data manipulations necessary to accomplish the events called 
for. This takes place through the fetch-execute cycle. In 
each step of the program we have written the 8080 CPU actu- 
ally perfcrms many oferations, each directed by the micro- 
instructicn set in the CPU. Lock at the first instruction 
in our program "LHLD 3E01", transformed to hexidecimal code 
as "2A013E". At the start of the instruction execution, «he 
program counter points to the location in memory where the 
first byte is stored. We gave that address as a part of the 
Go key instructicn. The CPU first fetches from memery that 
byte, loads it intc an int¢srnal instruction register and 
translates it into internal code. Since “che instruct ion 
which results needs the address of the information <c be put 
in the HL tregister pair, the CPU returns to the memory at 
one higher location than the 2A was found and fetches from 
that locaticn the LSE of the address it needs. This process 
ls repeated to get the MSB of the address from the next 
memory lecazion. New that the CPU has the address of «hs 
Byte =o fetch, it sends that address to the I/0 unit, 
directing that the byte be fetched and placed into the 
internal data register. Once the [/0 unit has completed 
this fetch, the CEU then transfers the data to the HL 
Tegister. The last step is to update =the program counter to 
point to the nex* instruction. Since the instruction "2A" 


actually takes 3 bytes, one for the 2A and two for address, 
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Eieeprogiam CGCOuncter 1S incremented by 3, “#0 point +¢ 
next instruction byte at 3D3C H. The fetch-execute cycls is 
complete for that first instruction. 

This cycle repeats for every step in the progran. When 
the instruction at location 3D54 is executed (RST 6) the 
control is returned to the monitor program and the cycling 
stops. In the Prompt 80 the Command/Function Group readcut 
Shows the value in the Program counter and the value «that 
the program counter is pointing to. Paes esa Lunes icn of 
the mcnitcr program that is designed to aid the programmer. 

Now we can single-step through the program to watch the 


data flow through the registers and memory. 


When ready, turn the page. 
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50 
| Reinitialize the fFrompt 80 by pressing the SYS RST kay 
and then enter the data in 3E00 to 3E02 H as above. Use AO 
menor address 3E00, 70 fer 3E01 and 00 for 3E02. In this 
|single step demonstration we shall multiply the numbers 70 H 
(112) by AO H (160) to get 4600 H (17920). 
| To single-step press the Single Step key, and enter the 
address of the start of the program, 3D39. Do NOT press the 
(.) key at the end, but press (,) instead. 


The Cemmand/Functicn Group read-out should now read: 
pee, 3 Geo C. E 5 


indicating the the Program counter is peinting to 3D3C, and 


that that address certains the byte EB H. That is the 
second step in the prcgram we wrote. Look at «he value in 
the HL register as shown in the Register Display Group. ibfe 


should read 0070, the bytes that were in the memory location 
3E01 and 3E02. To check that the Program counter has actu- 
ally mcved, press the Scroil Register Display key once, and 
see that the Program Counter registers display 34d3c, as 
expected. Press the Scroll key once and see that the DE 
registers now have the value ddEE in then. Then press the 
Scoll key once again to see the HL paizc. 

Now press the Next (,) key once. Look at the HL register 
eea-=c display now. It shows the value ddEE that was in the 
DE register. Press the Scroll key twice and note that the 
DE register now has the value 0070, ‘transfered from the HL 
pair. The instructicn was XCHG, and the instruction has 
been carri2d out. Eress* the Scroll key once to return to 
the HL register fair. 

Press the Next key once. The instruction was LDA, lead 
the Accululator with the contents of memory. See that the A 
register now has the value AO in it. The program counter 
has again been ircremented, as usual, and points to the next 


instruction at 3d40 H. Press Next again. 
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So 

mie stevervet@en at 3qd40 was to load the HL pair with 

zeroes. The display shows that this has been dene. Press 

the Next key then Scrcll to view the B register to see that 
me has the loop counter 08 in it. 

Now all the variatles have been initialized. Press the 
Scroll kéy again to view the HL pair. The Program Counter 
(PC) new foeints to the memory location 3d45, the first byte 
gn the muitiplicaticn locp. The byte at that address is 29, 


an instruction to add HL to HL and put the answer in HL. 


This deukles the value in HL. Since that is presently 0, 
doublinc it will not change the value. Press th2 Next key 
cnce and see that all that changes is the PC. The next 


Biecaoucticn, 17, shafts the Accumulator right, putting «he 
mess S2gnificant BIT into the carry register. The value AO 
1s representative of the bit pattern 10 10000 0. allel 


(D 


Most Significant BIT is a1, so that value should enter the 
Carry bit of Flags. That bit wili changé the Flags Register 
to read an cdd number, since the carry bit is the 0 bit in 
the Flags register, and the shift of the remaining bits in 
*he A register will preduce a pattern 0 10000 00, cr 40 
Eh Fress the Next key once and see that these values show 
uD. Any cdd number in the Flags register shows that thea 
Baeey bat is 1.°/ 

tmewec TOw points to 3d4/, an instruction to jump te 
another address unless the carry bit is equal to 1. Since 
the carry bit IS equal to one, the jump will not take place. 
Instead, the PC will change to point to the next address in 
tae program at 3d4a. Press the Next key ard observe the 
changé. 

The instructicn at 3d4A is DAD D, the command to add «the 
value in the DE register to the value in the HL register, 
and put the results in the HL register. Weeng the scroll) 
key note that right now the HL register = 0000 and the DE 
register = 0070. Press the Next key and see hat the sum of 


these two shows up in the HL register. 
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fiero mew epeants to 3d4b, an instruction to add the 
carry bit to the A register and the value 0. Press Next. 
Observe that unlike we planned, the 1 that we carried cut 
did NCT g¢t added to the A register. We shall come to this 
"BUG" in the program later. It is not fatal, and does not 
affect the resuit in this simple progran. The "BUG" is in 
the program to demonstrate the difficulty of writing flaw- 
less codé€ in machine language. 

The PC new pcints to the byte at 3d4d, the decrement B 
eostruction. Domwretch 2c werk, Scroiil the register display 
to the EB register, and then press Next. The O08 should 
change tec 07. The PC points to 3d4UE, a Jump unless the zero 
flag is set. The Zero flag is NOT set at this time, sco the 
jump cccurs. Press the Next key to execute this step. 

The FC now points to 3445, the first step in the lcop 
again. Fress Next. The HL pair is doubled to OQOEO. Press 
Next. The A register shifts left, shows 80, and the previ- 
Sasly Most Significant BIT is in the carry bit. Since the 
Carry bit is 0, the Flags register is an even number. 


Press Next. Because the carry bit was NOT SET, the jump 
to NOADD occurred, and the adding of DE to HL did NOT take 
place. Press Next twics. The B register has been décre- 


mented to 06, and the PC new points again to the beginning 
Se the iccrp. 

You may now continue pressing Next and watching the flow 
of data. When the B register finally reaches 00, the jump 
to LOCF at 3d4E does NOT happen, and the program continues 
Meeoaai, ah instruction to transfecr the information frecm HL 
to the wmemery iccaticn 3201. Peso smeenat instruction .is 
executed, the PC points to 3d54, Asko uS<Lucti cn. 
Pressing Next at that point transfers control out of the 
program we wrote, and sets in motion a sequence of instruc- 
tions that begins at 0030 H. You may follow if you wish 
through the sequence, but it is not germane to this course. 


To stop, press the Execute/End key. 
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5.5 
This concludes this section of the text. The BUG we 
identified will be addressed in the next section of the 
text. If you have not done so, you should execute the 
program you have entered with the data we were working with 
to its ccnclusion, and see that you get the correct answer. 
This program not cnly contains the BUG discussed above, 
but also has limitaticns on the size of numbers. To demons- 
trate the limitation, what is the largest number you can 
have as a result? (Hint: when all the ones ar2 set in the HL 
register, the next 1added will recycle them to all O's.) 
In addition, what should you gst when you multiply 255 
decimal times 512 decimal ( FF H times 0200 H)? Cyt and 
see what you get. Finally, can the program handle negative 
numbers? If so, how, and would it mean a chang? in linita- 
tions? If net, can it be made to do so? 
The answers to these, and other auestions, will be 


Brsecussed inthe next secticn. 


This is a convenient place to stop if you wish to. 
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Section 4 
ADVANCED CPERATIONS WITH THE PROMPT 80 

4.1 ADVANCED CONCEFTS AND FUNCTIONS 

In the previous section we left unanswered some questions 
about tke program that was constructed to multiply two 
integers. Thos2 questions concerned *+he limitations and 
usefulness cf that pregram. In addition, there was a BUG in 
the program in that it did not restore the A register to the 
criginal value that it had had init. These queszicns and 
the bug will be discussed in this section. In addition, the 
latter portions will discuss the advanced functions of the 
Prompt 80 that were deferred from the first section. I£ you 
have not entered the program ~5 which we will refer, <zurn to 
page 42 ard enter the program found there into the Prompt 
d 


80. This section will refer to page 42 a the proaqram flow 
3 q 


P 


in the Prompt 80 computer. 


vb, A 





SS 
4.1.1 Debugging 
The purpcse of the ACI 9 intruction at 3D4B was to restore 
the carry bit to the A register so that the A register would 
contain the same data at the end that it did when the 
program started through the looping process. In running the 
program, however, the A register was NOT restored, and ended 
up with 00 H. We will now attempt to correct that bug. 

The instructicn ACI 0 was originally presented as adding 
the carry bit, the inmediate data of the 0 and the value in 
the A register together. That is tne seeming definition 
given on page 3-20 cf the Prompt 80 User's manual. However, 
the actual function cf ACI 0 is to add the value 0 to the A 
register, put the result in the A register and IF THERE IS A 
CARRY, put it in the carry bit of the Flags register. That 
is NCT what we wanted. Locking through the instruction set 
we see no add instruction that adds the carry bit by itself 
to the A register. So what can we do to get what we want? 

Since the ACI only occurs when we go through the loop, 
and we only go through the loop when the carry bit was set, 
we can safely assume that if we are in the loop the carry 
was set te 1. Since we can assumé that, we can then add 
that 7 to the A register without having to add the carry 
Pease oomtly change the ACI 0 to ACI 1. Now every time we 
go through the loop the A register gets a 1 added to it, as 
we wanted. To make the change, use the DisplavyMcdify 
memory function to change memory location 3E4C tc 01 instead 
pe 00. New load any data you wish into ta2@ locaticns at 
maou to 3EO2, and run the progran. You will see that the A 
register ends up with the value originally fetched from 
mm. 0 , and that was our desire. W2 have de-bugged the 
program. 

This process of de-bugging is necessary for almost every 
program written. This bug was simple te fix, but mcre often 
the program has to have some bytes added or d2leted cr toth. 


Those changes may then change the addresses of Mlabels 
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further down in the progran, producing even more modifica- 
tions that have to be made to the progran. To avoid making 
too many changes tc a program that has been translated- into 
machine language, the programmer should design his prcecgram 
very carefully, and desk-check the flow of data refore he 
encodes the program. In this way he can reduce the ¢xten- 


sive program modification tc a minimun. 
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4.1.2 Limitations 
The program now runs, but still has limitations. aera Nad 


page of Section III listed these problems to be considered: 


1. What is the largest value that can be the result of 
the multiplieation ? 

2. What happens when you exceed that number? 

3. What about negative numbers? 

In the first question the issue of RANGE is raised. The 
largest numter expressable in 8 bits is 255 decimal (FFH). 
That is the largest number that can be held in the A 
register as the multiplier. fhe largest 16 bit number is 
65535 decimal (FFFFH). That is the largest valus that can 
ke held in the register pairs, and is the largest multipli- 
cand that can be accepted. However, the largest answer is 
NOT the product of these two, but the same as the larges= 
Meera piicand, 65535. That 1s because the same registers 
hold the answer and have the same limitations as the multi- 
mincand. 

But what does the pregram produce when the limits are 
exceeded? Use tne program!) to mUlciply FFH times FFFFH (255 
times 65535 decimal). The answer should be 16711425 decimal 
(FEFFOQ1H), but that is beyond the ability of the registers 
and memory locations set aside by «he pregram tc hold. 
Semce there is no prcevision in the program for this sizing 
error in the outout, the Prompt 80 merely presses cn in the 
Manipudaticn of the data. It +t+hen shows +th2 answer as 
mooi, Cr 65281 decital, and gives no indication that the 
capabiiity cf the pregram has been exceeded. 

This problem of the range of accuracy of the program is 
cone that must be faced by every programmer. The answer *o 
the problem is usually taken in two ways--a limitaticn on 
the program is documented for the usar to learn it and che 


program itself is set up to detect such over- and under- 
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flows and to issue warning messages that this has occutred. 
Ios integer work nis is much easier to de than in floating 
Boint notations, and thus many simpler machines restrict 


_Operaticns tec integers. 





The final question raised the issue of negative numckers. 
The program aS written can only handle positive numbers. fT 
we use the two's ccmplement notation, then the fepesitive 
limits are reduced to 127 decimal in the multiplier and 
32767 in the multipilicand. The negative numbers will be 
represented by the binary numbers with the most significant 


Bet sex to 1, =.€., in the multiplier by the numbers that i 


J 


2 


standard notation would have been 128- and in the multipli- 
cand by these that weuld have been 32768 and higher. Euz 
does that make it possibie to nultiply negatives using this 
program? Try fuleselyz:ng -1 tiges 255 (81H tisges OOFFH) 
The answer should be -255 decimal or (FFO1H). what dees the 
program give? 

Pe is obvious that the program is inadsequats for the 
multiplication of negative numbers. Sauce tne Ik for that 
problem is beyond our intention in this text it will not be 
discussed further. ier 7s sWttictent to say tha« the 
Peegram@, and ind=ed any program, has limitations built in to 
1t and that these limitations need to de understoed by the 


programmer and the user to prevent misuse. 
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4.2 ADVANCE 
The final discussion cn the Prompt 80 is the descripticn of 


OPERATIONS OF THE PROMPTS8O 
the advanced functions of the machine. In the discussicn-on 
the function of the numeric k2ys it was stated that th= 16 
numeric keys were used to enter the hexidecimal digits and 
to chosé the functicns . Those functions selectable from 


the numeric keys are: 


QO. Read hexidecimal tape. 
1. Write hexidecimal tape. 
Ze Write a PROM from memory. 
3. Compare a PROM to memory. 
GW Transfer PRCM to memory. 
5. Move memory (block). 
6. Hexidecimal add/supbdtract function. 
7. Byte search function. 
Game KOgd search function. 

Te select one of these function, you have merely to press 
the appropriate numeric key with the hyphen in the command 
function grcup display. The prompt of the latter F followed 
by the number you have selected will appear in the ccmmand 
function group display. For more details on the cther 
parameters that must te provided, see pages 4-15 to 4-21 in 
the Prempt 80 User's manual. 

Of the functions available, the ones you are most likely 
to be interested in are the Read, Write and Compar2 PROM 
functions. These functions are used to transfer programs 
from memory to a PRCM, from the PROM to memory, and to 
compare, byte for byte, the program in the PROM and the 
program in the memory. The next f2w paragraphs will discuss 
these furncticns. 

To prepare for this section turn the Prompt 80 OFF and 
turn th¢e pace. 
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4.2.1  EROM Operaticns 
TO insert the PROM ycu have been given into the PROM socket, 
move the hardle on the top left-hand side of the socket to 
the verticai position. This unlocks the socket. Examine 
the PROM carefully, without removing it from the protective 
foam. One end of the PROM has a distinguishing notch cr dot 
om it. This designates the end of the PROM on which the #1 
Pan Occurs. The end of the PROM with the dot or notch goes 
to the back cf the sccket. There are numbers painted around 
the socket to show where the 1, 12, 13 and 24 pins go. As 
Mong as the notch cr dot is at the 1, 24 sad the PROM is 
inserted correctly. Now that you know which way the PROM is 
to gc, ycu are almost ready to install it. 

The PROM is sensitive +o static, and measures to protect 
it must be taken. Avoid handling the PROM by the pins, and 
2£ the day is such that static electricity is a prohlen, 
ground yourself by touching the chassis of the Promrgt 80 
while remcving the PCM from the protective foan. 

Remove the PROM from the foam, insert it into the sccket 
in the preper direction and push the locking handle tcward 
the back urtil the FROM is locked into the socket. i 
Seoul NCT EE NECESSARY TO USE FORCE ON THE CHIP OR SOCKET 
HANDLE. 


When ready, turn the fags 


229 








Now that the PROM is safely in the socket you can «+urn 
the Prompt 80 back on. mec aiapiay SmOuUld light wp exactly 
as before. The presence of the FROM makes no differen 
the kasic operation cf the machine. 

To transfer a program from the chip to the memory the #4 
function is used. We shall now transfer the same multifly 
program that was written earlier from the chip to memory. 
First use the DisplayyModify memory function to observe that 
the memory locations 3D39H to 3D55H presentiy do net have 
the pregram in then. Since the machine was turned off te 
insert the FROM the memory was erased and now has only 


"garbace" in it. 


To invoke the function press the number 4& key on the 
k2ypad in the ccmmand/function group. iaes dlspkay should 
Shows: 

F 4 

Now we have te enter «he address to which the PROM is to 
be loaded in memory. in the Prompt 80 this is address 
3COOH, the lowest address available to the user. Enter 
3C00, press (,). The command/function group display should 


Show the number 3C00 until the (,) is pressed then it should 
show: 


ae 
Now enter the LAST memory location to be entered from the 
PROM, «he last address available in memory, 3D55H. Press 


the (,) key. The disrlay again shows: 


ig Oe 
Now we enter the PROM address for the program tc be 
loaded. In the PRCM you have been given the address is 
OOOOH. Enter that data but do not press the (,) key this 


time. The display shculd show: 


F4.9090 0 0 
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Press the (.) keEy. The program will load into memcry 
from the FROM. The process takes a vary short time and the 
display will flicker when finished. The Irput/foutput greup 
lights will flicker as the data is transfered from the PROM 
to the memory. To check that the program has loaded prep- 
erly examine the memory locations from 3D39 to 3D55 and 
compare them to the program as we wrote it. It should be 
exactly the same. 

To Write a@ program to a PROM, called in the vernacular 
"BURNING a FROM", the function F2 is used. There area 
Mamet Ct restricticns on the use of this function. For 
future reference the procedure can be found on pages 4-16 
and 4-17, as well as a discussion on page 5-6 of the User's 


manual. 
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This concludes the manual on the Prompt 80 micreccmputer. 
There are numerous reference manuals in the Laboratory for 
the sericus student of machine languag2 programming t> use. 
In the next volume of the series in the laboratory you will 
be introduced to software which dces the functions of assen- 
bling the mremonics and allocating the addresses for you. 
These tools, called “assemblers,” are an invaluable aid to 
the dedicated programmer. It is these tools which allow 
rapid develcpment cf higher languages, and increase 


programmer cutput. 
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INTRODUCTION 


Welcome to the Instructional Laboratory. In this laboratory 
you may work with digital devices ona level from logic 
gates and the elementary electronics of computers to the 
fully integrated level of advanced microcomputer systems. 
Through this serics of texts you can progress from little 
cr no knewledge of digital equipment to a working famil- 
iarity with advanced Automated Data Processing. HOWGVEI, 


this course of instruction was not designed to make an 


expert of the student. Extensive outside study is needed 
fee that. For that reason, the text will presenz only 
Simple examples and problems for demonstration. For the 


more sericus student other books and reference manuals are 
available in the Ccmputer Center Litrary and the Knox 
Library. 


WHEN READY TO CONTINUE, TURN THE PAGE. 
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Section 1 
SDK-85 SYSTEM DESIGN KIT 


1.1 HE SDK-85 SYSTEM 


= sap =p <n a ee 


The SCK-85 microprccessor development system is designed 
around the INTEL 8085A family of integrated circuits. This 
set of components represents a major technological improve- 
ment cver it's predecessor, the $080 family. In the interest 
of retaining its investment, INTEL d2signed the 8085 series 
to be upward compatible with all existing 8080 devices and 
software. What this means is that any equipment and programs 
that were develcped for the 8080 will function (and do so 
more efficiently) on the 8085A. The 8085A family was devel- 
oped with newer technology and thus only 3 integrated 
circuits will replace 26 ccmponents which were required in 
an 8080 circuit that ferformed the same job. 


The 8085A is a much faster CPU than the 8080, a tele 


provides the user with two additional instructions. 
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1.2 CAUTICN 


Before ycu apply any electrical power to the SDK-§&5,-. you 
should read this page in its entirety. 
In crder to use the SDK-85 you must provid? a source cf #5 
Moits DC electrical fewer. Meets tcuctional Laboratory 
this may be accomplished by the use of the DIGI DESIGNER 


console which has a Euilt in power supply. 


First, ensure that power to the DIGI DESIGNER is turned 
off, ther connect the red wire from the SDPK-85 power supply 
secticn to the +5 vclt terminal post on the DIGI DESIGNER. 
Connect the green wire from the SDK-85 to the GND ( greund ) 
terminal of the DIGI DESIGNER. Verify your connections 
before arflying power to the DIGI DESIGNER. You can now use 
the SCDK-@€5 for experimentation and design. 


WHEN READY TO CONTINUE, TURN THE PAGE. 





1.3 EQUIPMENT NEEDED 


mou may Sneed che  EoliloOwang itsms in ordar <to cciirlete 


Maas tutcrial: 


INTEL SDK-85 User'S Manual 


Miccoccmputer Experimentation With The 
INTEL SDK~85 py Leventhal and Walsh. 


ENTBG MES-385 User's Manual 
INTEL SDK-85 Design Kit 


DIGI-~DESIGNER Console 


If ycu dc not have these items , please acquire them fron 
weuer anstructor. - 


WHEN REALY TO CONTINUE, TURN THE 


AGE. 
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1.4.1  ECWER SUPPLY SECTION 


ee fOwnhR SUPPLY section is located at the top “right 
Meener Cf the circuit board. It is the place that electrical 
power from an external device is provided to the SDK-85. As 
Giscussed earlier, +5 volts de and a return path (ground) 


are required. 


If you have net done so, you may now connect the SDK-85 
to the DIGI DESIGNER. Use the instructions in the CAUTION 


page at the beginning cf this tutorial. 


EADY TO CONTINUE, TURN THE PAGE. 
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1.4.2 ITY INTERFACE 


Slightly below and to the right of the power suprly 
secticn is agreup cf components labeled "TTY INTERFACE", 
These components fcrm the interface circuits needed to 
connect tke SDK-85 tc a Teletype zerminal. This feature is 
not implemented in this laboratory, so no more will be said 


apowt it. 
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7.3 CIOCK CIRCUITS 


Near the center of the board, and above the large “inte- 
grated circuit labeled "CPU", ycu will see some discrete 
circuit ccmpenents and a flat metal box that is the crystal. 
These items form the external timing circuitry for the oper- 
aticn cf£ the 8085A CFU. 


This arsais one cf thea major improvements of the 8085A 
over the 8080 family cf components. The 8085A contains the 
Mametety cL clock circuitry cn the Pacegsated circuit 
itself, while the 8080 required many more external compo- 


nents to generate the necessary ciock and timing signals. 


WHEN READY TO CONTINUE, TURN THE 


AGE. 
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1.4.4 ADDRESS CECODER 


Bowche Ligne Of the timing crystal is the small inte- 
grated circuit known as the ADDRESS DECODER. The functicn of 
the deccder is to determine what address in random access 
memory (RAM) the CPU is trying to réad from or write tc. A 
chip enable signal is then generated te select the appro- 
priate mémory chip. In addition, the address decodsr will 
enable the read only memory (ROM) and the keyboard decoder 


circuitry when they are selected by the CPU. 


WHEN READY TO CONTINUE, TURN THE 


AGE. 
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1.4.5 CEU 


The 8085A Central Processing Unit (CPU) is Located _below 
the timing circuitry and the address decoder. It is the 
large, 40 pin integrated circuit labeled CPU on the circuit 


board. 


As in all computers, the CPU is the "BRAIN" that perfcrms 
the werk fer the system. ALJ other components are in supper+ 
@e the CFU chip. The 8085A CPU will control the input and 
@eeput cf instructicns and data. It also de¢-ccdes and 


executes instructions and acts as the system controller. 


For a complete set of 8085A instructions, see the MCS=-85 


User's manual. 








10 
1.4.6 READ ONLY MEMORY 


Directly belcw the 8085A CPU chip you wiil find <he 
system Read Only Memory (ROM) Sissies This component is 
labeled "ERCM (ROM) I/O" and contains the system mcnitor. 


Tie Menitcr will be discussed later in this tutorial. 


Alsc provided on this integrated circuit are two forts 
which can ke individually programmed as either input or 
@utpwt pecrts. 


The RCM resides between memory address locations 0000 and 
O7VFF (hexadecimal). It 1s a permanent or non volatile nemory 
chip and retains its information when electrical power is 
removed. 


WHEN READY TO CONTINUE, TURN THE PAGE. 


= = aa 
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1.4.7 BAN Ivo 


Below the ROM you will see a4Q pin integrated circuit 
that is labeled "RAM I/0". This is 2K bits (K=1024) of 
random access memory, which equates to 256 words cf 8 bits 
each. This memory is NOT permanent and wiil lose any infor- 
mation stored in it if power is removed. The system RAM is 
used to store instructions for the CPU to exécuts, data to 
be operated on, and the results after computations are 
performed. 


The installed RAM resides at memory locations 2060 +to 
27FF (hexadecimal). You will see a place above and below 
this mercry chip which is provided for expansion by the 
addition cf two more RAM chips. 


WHEN READY TO CONTINUE, TORN THE PAGE. 
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1.4.8 KEYEOARD AND DISPLAY 


The remaining section of the board contains the Keyboard 
and light eritting dicde (LED) display device. The two inte- 
grated circuits perform the keyboard decoding and previde 
the ccrrect signals ‘+o the display. The grcup of discrete 
components directly atove the LED unit provides the driver 
voltages necessary fer the LED segments. 


The display consists of a six-digit LED, and can bea used 
pemeerew A0DUL OF OUtEUt data, CPU registers, instructiors, 
and the contents of memory locations. The display can func- 
tion under user control or by CPU commards. The differ=nt 
keys will be explained separately. 


WHEN REACY TQ CONTINUE, TURN THE 


AGE. 
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1.4.8.1 NOMERALS AND THE EXAMS REG KEY 


Pm canesvOtoOMmELGn=emcOIner Of the SDK-85 you will find 24 
white keys arranged in 4 rows of 6 columns. The 4 right-nost 
columns are the Numeric Keys and are labeled "0" through "PF" 
(Hexadecimal). You will notice that some of the numeric keys 
have additional writing on them; for instance, the 8 key is 
also marked "HH", These keys can be used in conjunction with 
the EXAM REG (EXAMINE REGISTER) key to determine the 
contents of the CPU registers. See below for a listing of 
all dual function keys. As an example, pressing the EXAM 
REG key fcllowed by the 4 key will display the ccntents of 
the SPH register which is the eight most significant bits of 


the CEU stack pointer (stack pointer high). 


The keys A through F will also display CPU register 
contents when used with the EXAM REG key, but they are not 
double marked because the registers they are associated with 
correspond to their Hexadecimal notation. Key A can repre- 
sent the number 10 (Hex) or register A of the CPU. 


Functions Of the Keys 


——— —_— °° » | 


Ko Y FUNCTION 


————— 

















Canes Sue ) 
Beto ice oo Neer high) 
PL wae pOl lta t— LOW) 
CH (Program counter-high) 
S Program counter-low) 


emory address- high) 
Memory address-low) 
Accumulator) 
Cpu register 
GPU register C 
CPU register D 
E 
2 


EeU) cegistsr 
CPU tlags byt 


Mr OO We OM~IAin& Ww 
MOO OWrmmu'tnNNH 


eee ee 


es 
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1.4.8.2 RESET KEY 


The RESET key is used to generate a control signal that 
will cause the computer to enter a 'start-up' program. When 
the RESET key is pressed, the display will read - 80 85 and 
control of the computer is passed to the monitor program in 
the 

system RCM ( Read Only Memory). The Monitor program will 
allow the user to place programs and data in memory, execute 
programs, examine and modify the contents of RAM, and 


examine the contents of the CPU registers. 


The RESET key also resets all registers and flags, sets 
all Ivo (Input/Output) ports to Input mode, and disabies 
interrupts. If you should want to examine CPU registers or 
flags after executing a program, DO NOT PRESS RESET after 


the program is finished. 


WHEN READY TO CONTINUE, TURN THE PAGE. 
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WS 
1.8.8.3 SINGLE STEF KEY 


= 


The SINGLE STEP key will allow you to execute a pregra 
one step at atime. Fressing the SINGLE STEP kay will first 
cause the computer to enter the single step mode. Then 
pressing the NEXT key will cause 2xecution of the instruc- 
tion that was in the LED display, and the display is urpdated 
to shew the next instructicn to be executed. This mode of 
operation is good for de-bugging and to allow examinaticn of 


CPU registers and flags at a specific point in the progtan. 


WHEN READY TO CONTINUE, TURN THE PAGE. 
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1.4.8.4 SUBST MEM KEY 


The SUBST MEM (Substitute Memory) key is used to examine 
the centents of memory. In order to examine a memory loca- 
tion, the SUBST MEM key is pressed and then the Hexadecinal 
address of a memory location is keyed in. AS you enter an 
address, nctice that the address is displayed starting on 
left as 


entered, 


iD 


the rigkt side of the display and moves to th 


in 


Subsequent digits are entered. Once an address i 
the centents of that address are displayed when the NEXT key 


is pressed. 


It 1S important that you remember that all addresses have 
4 digits and all data has 2 digits. The display always indi- 


cates information in Hexadecimal torn. 


zi 


N REACLY TO CONTINUE, TURN THE PAGE. 
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1.4.8.5 NEXT KEY 


feeoc cn dadanes= ties been entered by use of the SUBST MES 
key, the contents of that address is displayed when the NEXT 
key is pressed. From that point on, successive presss¢s of 
the NEXT key causes the contents of succeeding memory loca- 


+ions tc be displayed. 


The NEXT key also functions as the single step execution 


key as menticned earlier in this tutorial. 


WHEN READY TO CONTINUE, TURN THE PAGE. 


ied) fe 
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tT. &.. 9.6 VEC? SENTR 


The VECT INTR (vectored interrupt) key is used to cause 3 
keyboard iritiated interrupt to a program in execution. 
This key frovides a jump to a@ RAM location which must hcld 
the starting address of the interrupt handling routine. te 
this does not make sense to you--don't worry. This feature 


is normally used at a more advanced stage of programming. 


WHEN READY TO CONTINGE, TURN THE 


Sp = [i eis ca Ee 
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1.4.8.7 GO KEY 


The GC key is used in conjunction with the EXEC key + 
tell the computer to execute a program. First the GO key i 
pressed, then the starting address of the program is 
entered, and the EXEC key is pressed. At this pcint the 
computer attempts to execute the program you specified. The 
GO key simply tells the computer to go to an address and do 
what it is tceld to de by the contents of that address. 


me 


DY TO CONTINUE, TURN THE PAGE. 


WHEN REA 
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1.4.8.8 EXEC KEY 


The EXEC (execute) key tells the computer that it should 
execute a program. As already mentioned, the GO command 
would have already been used to set the computer to the 


starting address. 


WHEN READY TO CONTINGE, TURN THE PAGE. 





PAS, 





Section 2 
CLOSING REMARKS 


By this time, you should have some familiarty with the 
Esatures and functions of the SDK-85. In order to gain scme 
actual experience, please perform the laboratory experiments 
cutiined in the Leventhal and Walsh book. That book frovides 
an excellent presentation of the SDK-85 and the 8085A 


assembrly language prcqramming commands. 


In addition, you can learn how a computer cbtains data 
from an outside source, outputs data to an external device, 
responds to interrupts, and 2xecut2es programs. The book 
provides examples of binary, hexadecimal, and decimal arith- 
metic as well as logical comparisons such as AND, OR, and 
NOT. 


mag taomet information Can be obtained from the two INTEL 


books provided. 


You are now invited to turn on the power and kegin 


assembly languag¢ pregramming on the SDK-85. 
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AEPENDIX E 
SYBEX SELF-STUDY TAPE LIBRARY 
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TABLE OF CONTENTS 
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Section 1 
INT RODUCTION 


The Sybex Self-Study Library is a set of independent study 


courses prepared by Sybex, Incorporated of Berkeley, 
Cemeatcrnia. Each course On Microprocessors consists of a 
set cf cassette tapes accompanied by a txt. The time 


required to complete each course varies from 2.5 hours to 12 
nours. These courses require a fundamental knowledge of 
Micrccomputer components and architecture, and may be 
beneficial for concurrent study with NPS courses: EE-2810, 
oe 010, and CS~-3200. 


When a course of study has been selected, check cut a 


ct 
rh 
t{ 
O 
3 


cassette player and the appropriate tape / «ext se: 
In-224. The student may wish to pring pencil and paper for 


taking nctes. Please do not write in the text books. 
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Section 2 
LIST OF SELF-STUDY MICROPROCESSOR COURSES 
AVAILABLE 

s'1 Introduction To Microprocessors 
Siz Ercoramming Microprocessors 
Ses) Besigning A Microprocessor Systen 
SB1 Microprocessors 
SB2 Microcomputer Programming 
oe) Military Microprocessor Systems 
SB5 Bit-Slice 
SE6 Industrial Microprecessort Systems 
SB7 Microprecessol Interfacing Techniques 


S10 An Introducticn TO Personal And Business Computiag 


This lab currently has available courses Sop S84. 222% 
and SE?7. A brist overview of each course available in <his 
lab fclicws. 
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2.1 SEMINAR 3 DESIGNING A MICROPROCESSOR SYSTEM 


Presented by Rodnay Zaks 


Time required: 2.5 hours 


This seminar addresses how to interconnect a complete 
Microprocessor system, wire by wire, including: Read Only 
Memory (ROM), Randcm Access Memory (RAM), Programmable 
Input-Output (FIO) , Universal Asychronous Receiver 
Transmitter (UART), Microprocessing Unit (MPU), and clecks. 
Additionally, tradeoffs in addressing techniques and techni- 
gues aprlicable ~~ eliak standard microprocessors are 


discussed. 


TOPIC MATERIAL COVERED 
1. Ccmparative -Comparisons of Microprocessor 
Micreprocessor classes including: 
Evaluation ~4 Bit Microprocessors 


-8 Bit Microprocessors 
-16 Bit Microprocessors 
-Bit Slices 

~8008 vs. 8080 CPU 

-AMD Microprocessors: 9080 
=Zow CPUS =vs. 8080 
-Motorolia 63800 

-Intel 8085 

-Intel 8048 / 8748 


2. System Component -Static and Dynamic RAMS 
Characteristics ~ROM's including Field- 
and Interfacing Programmable (PROM), Fusible 


Links, R2programmaple Memcry 
(EPROM), and Electrically 
Erasable ROM (EAROM). 


ZO 











System Design 


SC 
~ 


Y 


c . 
— 


= 
_— 


ems Development 


= UA Ro 

-PIO 

-Direct Memory Access (UMAC) 

-Programmable Interrupt 
Centroll2r (PIC) 

-Programmable Interval Timer 
(PIT) 

-Asynchronous and Synchroncus 


Pye cr marca ng 


“Typical system organizatéicn 

“Fy pCa mrrcroOpc.ocessor pinouts 
and signals 

-Connecting a system: i.¢. CFU, 
Multiplexing, Data Bus, 
Address Bus, Memory, I/0 

“Standard microcomputer 
architectures 6800, MCS-85 

-One and two chip systems 

-Expanding the memory 

“Three I/O techniques: Polling, 
[iaomaipe and DMA 


-Cost / performance <tradecffs 

-How to speed up daevelopment 

~Hardware cost analysis 

-Basic software development 

~SOktwazre costs 

-Typical time-sharing prices 

-Use of samulators in develcping 
a systen 


-Debugging aids available 
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2.2 SEMINAR B3 MILITARY MICROPROCESSO 


Presented by Rodnay Zaks 


Time required: 6 hours 


This seminar addresses topics on military or severe envi- 
ronment microprocessor systems utilized aig Military 
avionics, aerospace, naval, and industrial applications. The 
goal cf the course is to cover ali th2 main concepts, +tech- 
hiques, and some Simple systems used in such militarized 
systems. Problems necrmally encountered in such designs are 
addressed and typicai solution principles and practical 


implementations are froposed. 


TOPIC MATERIAL COVERED 
1. Technical Introduction . -Definitions of terms 
Bee ck Lechnologies -Main goal is +o underline the 


specific properties of scme 
LSI technoiogies as they 
relate to possible chceices of 
equipment. 

~Which kinds of technolcgies 
may be radiation hardened 

-Which kinds of technolcgies 
will be suitable for the 
portable systems such as 


aerospace applications. 


Poe oil iatarized -Several typical militarized 
Microfprocesscr Militarized beards are 
Systems presented. 


-Suitable features and désign 
weaknesses of these boards are 


covered. 
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GY“. Militarized 


Microprocessors 


Pee So tandard*zation 


6. Building a systen 


Peer pplications 


ae oOheliabilaty 


9. Vesting 


10. Summary and 


Perspective 


-Which microprocessor chip 


“" 


( components ) qualify for 
Military applications. - 
-Guidelines available for 
selecting such equipment and 
how to use the guidelines in 
choosing the components 


utiiized in the systen. 


-Procedures normally used to 
make the system ruggedized and 
resistant to the envircnment 


aS per military specificaticns 


“Various architectures used for 
military applications are 


discussed. 


-~How to measure and predict 
Bessie ps lity. 

-Methods used in military 
contracts for measuring and 


predicting reliability. 


-The main concepts and testing 
*echniques to ensure that 
systems meet specifications 


are covered. 


-The evolution of such products 

-What expectations one may have 
of forthcoming designs. 

-Ditferences between military 
syst2ms and the current 


comméercial/industrial systems. 
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2.3 SEMINAR BS  BIT-SLICE 


Presented by Rodnay Zaks 


Time required: 6 hcurs 


The goal of this course is to show you how to use 
Bit-Slice ccmponents to implement efficient computer archi- 
tectures with both traditional and non-conventional 


B2t-Siice applications. 


The purpese of this ccurse is: 

1. Tc explain what Bit-Slices do and why they exist. 

us To demonstrate the procedure for designing with 
Bit-Slice. 

3. To survey Bit-Slice devices on the market. 


4. Ic survey the applications of Bit-Slice devices. 


TOPIC MATERIAL COVERED 
fencer oducticn -Definitions of terms. 
2. Brief history -The evolution of Bit-Slices 


cf CFU Design 


Seat -Siice Princirles Suter e-cunological princioles 
behind the azrchitecturs 


implemented in Bit-Slices. 


femeeest-clice In Detail / -How to puild a complete high 
Puiiding with Bit-Slice performance central precessing 
unit using an AMD - 2901 
Byoomece Chip. 


2 Other Bit-Slice -Bit-Slice devices available on 
Devices the market, their merits and 


applications. 
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6. 


Bit-Slice Applicatiors 


Development Aids 
Cenclusions 


Appendices 


9 


-Nen-convenzional applications 


-Ccascaded slices on data paths 


paths for purposes such as 
very efficient high speed 
arithmetic word processing, 
string processing, and multi- 
channel memory searches 


through Nuss i-pore memori¢s. 


-Simulators, PROMS, Assemblers 
-Questions and answers. 


-Reference data on +achnolcgi2s 


circuitry, and components. 
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2.4 SEMINAR B7 MICROPROCESSOR 


Presented by Rodnay Zaks 


Time required: 6 hcurs 


The gcal of this course is to provide a comprehensive 
look at allthe basic techniques required to interface a 
HMicrcprcecessor system to the most commonly used peripherals. 
The student will learn: 

1. Hew to assemble, interface, and connect a system. 

2. Hew to assemble a complete CPU. 

3. Input / output techniques. 

4. Basic interfacing. 

5. How to connect the peripherals; keyboard, LED, tele- 

type, fFrinter, cassette, floppy-disk, and CRT display. 


ROTC MATERIAL COVERED 
ime Loerc duction -Basic concepts. 
fees GEU Interfacing -Assembply of the basic micro- 
computer board with *#he micro- 
processor clocks, drivers, 


MOM@EY, Stc. 
-Connecting the basic hbceard 
With all the peripherals. 


Bee input / Gutput -Review of basic input ~ output 


techniques and interconnects. 


4. Peripheral Interfacing -Interfacing with keyboards, 
LED's, teletyp2s, printers, 
floppy-disk, cassette, and CRT 

-Techniques and difficuities 
are addressed. 
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S. Ccmmunications -Problems and solutions 
available for interfacing with 
communications equipment, time 
division mnultiplexing, modems, 


tata Links, ete. 


6. Bus Standards -Solutions available to 
Simplify interfacing by use 
of standardized buses. 

-The IEEE 488, 583 CAMAC, and 
S-100 hobbyist buses are 
discussed. 


woe Testing -Brief coverage of testing and 
troubleshooting techniques 


associated with interfacing. 


Gee EVvOluticn -Summacry of the tzends of 


(D 


avolution and predictions cf 


future interfacing techniques. 
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APPENDIX F 
BL 


HEATHKIT H-9 TERMINAL TUTORIAL 
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INTRODUCTION 


Nemecne =O =nc¢ INettwectonas Laboretory. In this iLatora- 
tory you may work with digital devices on a level from logic 
gates and the elementary electronics of computers to the 
fully integrated level of advanced microcomputer systems. 

Through this series of texts you can progress from little 
Smeae Knowledge of digital equipment toa working famil- 
tarity with advanced Automatsd Data Processing (ADF). 
However, this course of instruction was not designed to make 
an expert of the student. Extensive outside study is needed 
fon that. For that reason, the text will present only 
Simple examples and problems for demonstration. For the 
more serious student other books and reference manuals are 
available in the Cemputer Center Library and the Knox 


leona ry . 
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Section 1 
HEATHKIT H-9 TERMINAL 


1.10 0 ©=6oINTRODUCT ION 

The Heathkit H-9 terminal is a dumb terminal with an 
internal RS-232 port that enables it to be used with a MODEM 
to communicate to any computer similarly equipped. The 
display is 80 columns wide, 12 lines high, upper case 
letters cnly. The screen is a white on black, with a 
protective cover. A repeating key, separate line feed and 
carriage return key, and an on/foff line key nake this a 
versatile terminal. 

To use the terminal, ensure that the small connectcr on 
the back of the terminal is securely locked in place. (This 
connectcr is kept in place by a locking tab. I+ is unlikely 
that it should ceme lcose. It is also keyed so that it can 
ke installed in only cne way.) The other é€nd of the cable 
attached to the connector should be attached to the modem. 
Again, the connector is firmly attached by screws on this 
end, and cniy fits cne way. 

If the ccnnectors are firmly attached, turn the terminal 
Oh uSing the on/cff switch on the back of the machine. The 
terminal will warm up in a few moments and tha cursor on the 
screen will be visible. While waiting for the terminal to 
W4™TM up, check to see that the baud rate switch on the back 
SEeehe cCrMinal is set to "300". The "Baud rate key on the 
keyboard shculd be dcwn (depressed). If the "Baud rate" key 
is UP, the baud rate will be 110, but if it is DOWN, the 
Tate selected on the Lack (300 baud) will be selected. The 
modem is designed fcr 300 baud and wili not work at any 
cther speed. The términal itself is capable of 1200 kaud. 
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To get this speed, move the switch on the back of the 
terminal from the 300 position to the "preset" position. In 
that position, the EFaud rate key will sslect 110 baud when 
OP and 1200 baud when DOWN. 


1.2 KEYS 
By now the terminal should pe warmed up and ready +o use. 


The top row of keys are function keys. The functions are: 


Baud Raté-~already discussed 
Full Cuplex--UP for half duplex, DOWN for Full duplex 
Off Line--UP for terginal on line, DOWN for Off line 
Xmit Fage--The page, as displayed, is transmitted, starting 
at the cursor and continuing to the end of the 
page. 
Plot--a diagnostic key, no function in normal use. 
AaeeonGartry—--UP for the cursor to stop at the end of a line, 
DOWN for the cursor to continue on the next line 
automatically. 
Break--Téerminates the Xmit page function, transmits a 
continuous "Space" at the serial output. Used 
+c interrupt the sending computer from tae 
terminal. 
Eras¢ Pagée--~erases the page, returns the cursor to the uprer 
left corner of the screen. 
Eras¢ EOL~-e€rases the line the cursor is in from the cursor 


BecimenonetOuchne snd Of stho Jine. 
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In additicn to these keys, there are control keys Neen 


(Dp 


lower part of the keyboard as well. These keys are: 


ESC--This key transmits an ASCII escape code. 

CTRL-~-Used to transmit special control codes. 

SHIFT--Shifts from UFPER to lower case (Note: this is 
the reverse of a normal typewriter. In addition, 
the display does NOT show lower case letters.) 

SCROLI--after 12 lines are entered, if this key is 
depressed, an additional input will acve 
the top lin2 out and move the remaining 11 up cne 
line, creating a new blank line at the bottom. If the 
key is UP, the screen will not scroll and additional 
data cannot be entered. 

Line Feed--the cursor will move down one line and the ASCII 
Character for LF will ke transmitted. 

Meeacr=—-mcves cursor to the first position of the liane i+ is 
currently in, transmits the RT ASCII cods. 

Short Form-~-when DOWN, the display is changed to 12 lines, 4 
columns of 20 characters. When UP, the display is 80 Xx 
12 characters. 

Rub Out--transmits a DEL ASCII character. 

Rept--when used with another key, this causes the same 
character tc be transmitted until the key is released. 
Normally the keys will transmit only one character for 
a keypress. 

Home--returns the cursor to the upper left position, does 
Net erase screen. Not transmitted. 

ALTOwS-~-move the cursor the direction pointed to, one 


positicn per keypress. Not transmitted. 
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Section 2 
CCMMUNICATIONS WITH THE IBM 3033 AT NPS USING THE 


H9 TERMINAL 


lmeeeerucn Ch the terminal, checking to see that 300 Laud rate 


is selected. 
2e Turn cn the mecden. 


3. When the CRT has the cursor visible, the terminal is 
warmed up and ready toc use. Make sure that the FULL DUPLEX 
button is DCWN (Full CLuplex) and that the modem is selected 
for Full duplex as well. 


Me eeal the number of the NFS IBM 3033 (presently x3025). 


5S. When the tone is heard, cradie the handset in the moden 


With the cord at the end marked for ict. 


6. The screen should begin to display the following message: 
meysTO CONLDENE". 


7. When the message is fully visible, press any letter key 


on the keybcard. 


Cuetec ie Mewili respond with a "!" and then a "." (*his is 
2ady ¢t 


the indication that the computer is ready to receive input. 


9. Legon using your account number exactly as at a terminal 
in the center "L #¢##4#P", followed by "RETURN". 


10. The IBM wili resrfend by presenting the message, “ENTER 
FASSWCRD", then type Mkt ee return and overtype 
“HHHHHHHH" and then return again and overtype "SSSSSSSS". 
(On a Decwriter this produces a blob character like this S.) 
This serves to protect vour password on that device, but 
does net pretect it cn the terminal. 
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el. Tyre your password followed by a "RETURN" and the 
console will eventually respond with a signon message and 
whatever profile exec's you have in your account. Note chat 
some cf the execs are very slow to start, and may require 
prompting with akeypress of some sort. Evertually the 
machine shculd yield the "R;" message, followed by the '." 
prompt that you may enter data. 


12. For infcrmation, if this is your first contact via tele- 

phone, tyre "Q TERM", RETURN and see what characters do what 

Bamections. Particularly not? which key is the character 

delete key, Since this is the key that you must use to 
2 


"erase" your typing mistakes. 


13. $FLIST and XEDIT are NOT available over the modem, cut 
LIST and EDIT are. LIST produces a list of file names, with 
the usual ability to define the list by adding 

"LIST <filename> <filetype> <filemodea>", 


14. PDIT @5 a one-line text editor that uses the XEDIT 
commands tkat work on one Jlinerrin addition, Clocate, 
Crarst, CHange, etc, work. The display is limited to cone 


line at a time, but you can typ2 more than one line ata 


time by using "t#", wnere tha # is the number of lines to 
type. Numbers alone will move you up or down the file 
appropriately. 

Se Because the terminal dees not display lower case 


letters, ycu may be surprised by the output in upper and 
lower case. The terminal CAN send lower case, and dces so 
when the SHIFT key is depressed. This is the reverse of a 
normal typewriter, and is difficult to use for most pecple. 
T£ you intend to use the EDIT function +o create text files 
tor SGRLl Ting, then you would do better with a different 
terminal than the H9. 
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REATHKIT H-89 MICROCOMPUTER TUTORIAL 
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INTRODUCTION 


wWelccme to the Instructicnal Laboratory. In this latora- 
tory you may work with digital davices on a level frem logic 
gates and the elementary electronics of computers to the 
fully integrated level of advanced microcomputer systems. 

Through this series of texts you can proaress from little 
or no knowledge of digital equipment +0 a working famil- 
larity with advanced Automated Data Processing (ADP). 
However, this course of instruction was not designed +o make 
an expert of the student. Extensive outside study is needed 
moe that. For that reason, the +taxt will present only 
Simple examrles and problems for demonstration. For the 
more serious student other books and reference manuals are 
available in the Ccmputer Center Library and the Knox 
Library. 
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In this manual ycu will be given a short course on «he 
H-89 Micrccomputer from Heathkit and the H-25 printer. In 
addition, you will be given a short course in the orerating 
system which is used on that machine, CP/M from Digital 
Research, Inc. It is strongly recommended that yon read 
this entire text before turning any of the equipment cn or 
removirg any of the diskettes from their jackets. Tf you 
are not familiar with the use of floppy diskettes, you 
should pay particular attention to the suggestions on the 
next to the last page cf the text. 

It is not the intent of this course to make you an @xpert 
cn the intimate workings of the H-89, nor is it designed to 
make you an expert cn CP/M. However, it is désigned to 
provide ycu with sufficient information to allow ycu to work 
comfortably in the laboratory with the CP/M system and the 


H-89. AS ycu use the system your confidence should grow. 
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Section 1 
INTRODUCTION TO THE H-89 


1.1 DESCRIPTION OF THE H-89 
The Heath H-89 precessor is based on the 2-80 CPY from 
merog, inc. The operating system that the Laboratory has 


purchased is th2 CP/M system from Digital Researcn, Inc. 


ct 


This system is popular, and has the clever design that i 
supports transportable programs. aA program written for CP/s 
Will run on any machire that has CP/M, regardless of manu- 
facturer, as long as it does not violate the rules cf stan- 
dard CP/M. In the commercial market there are cver 500 
programs available frem vendors to run under CP/M. 

Before applying pewer to the H-89, make sure no diskettes 
are in any of the drives, since the application of power to 
a drive while 

a diskette is in may damage the diskette or alter the data 
Beeorded cn it. 


1.2 POWERING UP THE H-25 PRINTER AND EXTERNAL DRIVES 

meomeurn On the Heath H=-39 you need to turn on the H=25 
printer and the external disk drives first. This is a gcod 
rule for any syst¢em--power the peripherais first. The power 
switch fcr the H-25 and the externai drives are on the hack 
of the respective unit. From the front of the printez the 


Switch is in the rear upper right corner, set in a small 


indentation of the outer case. On tne external drives the 
Switch is also on the back, in the lower right side. In 
each case the switch is a rocker switch. Positicn the 


Switch tc the ON position. On the printer the lights on the 


@eme cl Canet wlil iighe, and the ribbon beqin to wind to 





2 
the start pcsition. On the disk drives there is no indica- 
m 


tion, but you may tke able to detect 4&4 slight hum from «he 


transformer in the power supply. 

omer “Genesoi, paneiwon sae front right corner of the 
printer has 7 buttons and 4 lights for control and indica- 
tions. The ON/OFF LINE button switch alternately places the 
printer in an on-line and off-line condition. In the 


cn-line condition the printer will accept data and in the 


Set—oeme condition it will not. Note: to operate the 
"form" switches of the printer it must be OFF-LINE. The 
TEST switch allows ycu to test the printer operations. er 


the interest of the laboratory only the operator should test 
the printer. AS a user you should not have to operate the 
test switch. See the operation manual for the printer for 
details. The CLEAR EUFFER switch has two functieons: if you 
press it fer less than about 1/2 second it will clear the 
Piteer of the printer; me YoimuOld. itsdinemore that 1/72 
secord it will PRINT the buffer, then clear it. The RESET 
Switch will reset any alarm from the printer and restart it. 
This switch is used to reset the printer after an out-cf- 
paper, jammed paper or faylt condition. The FORMS ALIGN 
Switches will neve the paper in the direction of the arrcews 
néar them. Use these switches to move the paper one line ax 
@ time in the direction of the arrow. These switches can be 
used to align the top of the paper with the print head. The 
TOP OF FORM switch is used to advance the paper to what «he 
printer thinks is the top of the néxt page. Once there, use 
the FCRMS ALIGN switches to actuaily line up the print head 
with the top of the faperc. From that point on the printer 
should keep track of the top ci the page. 

The PCWER light indicates that power is applied +o the 
Piaaher. The ON LINE indicator is lit whenever the printer 
is ready to accert data from the computer. The PAPER indi- 

E 


cator indicates either an cut-of-paper or jammed fa 
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Gonder ticn. The FAULT indicator lights when the print unit 
(inside the printer) is open, the carriage is in an over- 
travelled ccndition (beyond physical limits) or thé printer 
1s overheated. cave FauEr LIGHT COMES “ON SEEK "NWSSISTANCE 
PEFORE CONTINOGING TO CPERATE. UNLESS THE FAULT IS CORRECTED 
THE FRINTER MAY EE DAMAGED. 


1.3 POWERING UP THE H-89 

Once the printer is on and operational (the POWER and 
CN-LINE lights lit only) and the external drives are 
powered, you may power up the H-89 itself. The power switch 


for the H-89 is in the back, at the rignt side of the 


machine as seen from the front. Again, a rocker switch is 
use fer the CN/OFF switch. Move the ON/OFF switch tc the ON 
pesatacn. The machine should issue a single beep, the disk 


drive may turn momentarily, then the screen wiil light up 
Ween the Single peomet in the upper left corner,"H:". ees 
indicates that you are in the internal monitor preqram of 
the terminal. 

Load tke SYSTEMS disk that you got from the operator into 
*he external drive left side slot, labeled "A Drive," with 
the cut cut notch cf the package down, the oval slot 
pointing toward the back of the machine, and the label 
pointing toward the left side of the drives. When the disk 
is fully inserted, close the door of the drive. It should 
not require any force to close the door. If you meet resis- 
tance, check to see that the disk is FULLY inserted into the 
drive. 

Press the "B" key of the keyboard. On the screen you 
Should see the word "Boot" appear beside the "H:" prempt. 
If it dces NOT, press the OFF LINE key that is found in the 
upper left position cf the kayboard. Press the "B" key 


again. If the word "“Eoot" does not appear, seek assistance. 
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Once tke screen says "Boot", press the RETURN key on the 
keybcard. The external drive with the disk in it should 
begin tc turn, the light cn the drive decor will light and 
after a few moments you will be given some informacticn on 
the screen about the configuration of the system. When the 
system is fully booted, the standard CP/M prompt will appear 
MAD , This prompt indicates that CP/M is in operation, and 
that the presently active disk is disk A, «he left hand 
external drive. The external drives ar2 configured as 
drives A, Banas GC. The internal drive is configured as 
drives D, E and F. NOTE: THE INTERNAL AND EXTERNAL DRIVES 
femeeenor Uot THE SANE TYPE OF DISKETTE. DO NOT FLACE A 
DISKETTE MARKED FOR INTERNAL USE ONLY IN THE EXTERNAL DRIVE, 
meoeeoe NCT USE DISKETTES MARKED FOR EXTERNAL USE ONLY IN THE 
INTERNAL DRIVE. THE CNLY DISKETTE YOU NEED FOR THE INTERNAL 
CRIVE IS THE SYSTEMS LCISKETTE WHICH YOU HAVE BEEN GIVEN AND 
IS MARKED AS SUCH. 

If the system fails to boot, try again. Press the SHIFT 
and RESET keys simultaneously to force the computer back to 
oe "rs Frrompt and type “BY, followed by RETURN, again. Tf 
the ccmputer will NOT boot at all, seek assistance from the 


cperator. 
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Section 2 
CP /S 


2.1 BASICS 

Once the computer has booted the operating system, you 
are in the CP/M envircnment. There are many ¢xcellent kocks 
on the CE/M operating system. If you wish to learn mcre 
about the system you are encouraged to read some of then. 
This manual will only provide you with the information 
necessary tc run the applications packages provided with the 
systen. 

The "A>" prompt indicates that the active drive of the 
system is the A drive. To change drives simply type in the 
letzer of the drive anda colon and press RETURN. The 
system will check tc see that that drive has a disk in it 
and change the prompt to the letter of the new active disk. 
For instancs, load an external disk in drive B and closé¢ the 
door. Fress the B key, the colon key (:) and then the 
RETURN key. After a short interval in which «he drive turns 
briefly, the screen will show the new prompt "B>", se) 
return to the A disk type "A:" and RETURN. The A> prompt 
Will return immediately because the system already kneus 
that there is a disk in drive A. To read a list of files on 
the disk in the addressed drive, type the word "DIR", 
folicwed by the RETURN kay. Upper and lower case dc not 
usually matter to CE/M--it converts all commands to upper 
case. The screen will show a list of all the files on the 
active disk. Por thesdiregtory of any other disk than the 
active cne, type the word "LPIR", a space, and the letter of 
the desired drive, followed by a ":" and then RETURN. The 
directcry of the designated diskette will be displayed. 
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A filerame in CP/M consists of three parts: the disk 
Specification, the filename and the filetype, in the format 
"dsfilename.filetype" where "d" is the disk drive rane, 
filename is the primary name of up to 8 alphabetic or 
humeric characters, and filetype is th2 optional filetype of 
up te three alphabetic or numeric characters separated from 


the filename by a period. Légal variations are: 


filename (a file on the current drive, filetype " 't) 
d:filename (a file on drive "d", filetype " ity 
filename.typ (a file on current drive, filetype "tyr" 


dsfilename.typ (a file on drive "d", filetype "typ') 


If the drive specification is missing, CP/M will leck for 
the file cn the presently active drive only. Gre lock, au 
drive B from the "A>" prompt, for example, the "B:" MUST be 
in the file specification. To view all the files cn the B 
disk from the “A>" rrompt type "dir b:" and press return. 
TO view files on drive C, type "dir c:"*, etc. 

At this point it is appropriate to discuss briefly the 
concept of ambiguous and unambiguous file specifications. 
Unambigucus specifications are of the forms previously 
displayed. The name is specific to the drive, filename and 
filetype. In the ambiguous file specification some element 
of the specification is replaced by an asterisk "*" ora 
question mark "2", In these instances the system will 
perform the operation directed cn ali files with names that 
matck the unambiguous part of the name, without regard to 
the part substituted for by the asterisk. The drive speci- 
fication wiil NOT accept the asterisk. For example from the 


sequence "A>ddir *.com" will display all the files cn the A 


disk with the filetype “.com". some CP/M functicns will 
allow ambiguous specifications, and some will not. See the 
Digital esearch literature on CP/M for specifics. The 


question mark is a "wild card" replacement for any letter or 


number in a fiiename. \APeeemmpceacces tii" will display all 
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the files on the diskette which match the format, including 
variations such as: 

stats1.fil 

Sstats2.fil 

Sstatsd.fil 
tatsa.fil 


It will NOT match “stats11. fil" however, because the length 


i) 


is lenger on the file than the designated pattern. (Note 
that “A>dir 2772772777.272?" is the same as "A>Ddir *.¥**) 

Te erase a file cn adisk type "ERA " followed by the 
file ycu desire to erase. Mee ch disk iS not write 
protected or read-only, the file will be erased immediately. 
If you use an ambigucus specification, all files meeting the 
specificaticn will te erased. (A>era *.* will erase ALL 
files on the A disk, A>era *.doc will erase all files with 
eremraictyp ".doc" on the A disk, etc.) 


To rename a file, use the command "REN". "REN" requires 
unambigqucus specificatiors. The syntax for REN is "“A>ren 
dsnewname.typedscldname.typ". (The convention of the new 


coming first is commen to ALL CP/M commands and functions.) 

Tce save a file tc memory use the "SAVE" command. The 
Syntax for the command is "A>dsave ## d:filename.typ". The 
## indicates the number cf "pages" of memory to save. A 
page cf remcry is 256 bytes. CP/M uses the first page for 
itself, and therefore the pages begin at «he second page for 
the usér. The SAVE command will move to the disk indicated 
the number of pages indicated, Starting at the seccnd 
physical page of memory and continuing to the page number 
"##" plus one. 

TYFE d:filename.typ will display on the console the data 
of the file named. NameS must be unambiguous. Le stop 


display, press ANY key. 
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2.2  CCNTROL CHARACTERS OF CP/M 
The fcllowing table indicates the control characters in 


CP/M and their function. For more detail, see the CE/M 


users manual from Digital Research, Inc. 


PACKS FACE moves cursor one space back, erasing character 
STRL-C aberts a running progran, 


causes awarm boot from the D> prompt 


DEL Same as RUB 
GPRiL- E forces a physical carriage return, 
does NCT pass to CP/M 
ClRL- A Same as BACKS FACE 
CTRL-J Linefeed, terminates input at consoles 
ern iM same as carriage return 
CTRL<-E echoes all screen data to printer, the second 


CTRL-P terminates the function 


Cen L-k re-types the current line, as corrected 
RETURN carriage return 
RUB erases character immediately to the left cf 


cursor echoes the character to the screen 
CERES stops listing of file to Screen temporarily, 


second CTRL-S resumes the listing 


enAL=U cancels the present lines 
Grr L=X deletes the present line 
CTRL-Z String cr field separator 


23 sJTILETIES 

There are several utilities included with the standard CP/M. 
These utility programs are on the disk which is marked 
MSYSTEMS DISK, Use in INTERNAL drive only". To run these 
programs you must address the programs with the drive desig- 


roc Lone" pe". “Thesprcgranms supplied. are: 


PIP.COM (Peripheral Interface Program) 
ED.COnM (EDLtor program) 
STAT. COM (STATus of disks, files, etc.) 
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ASM. COM (ASSeMbler program for 8080 mnemcnics) 
DDT.COM (Cynamic Debugging Tool) 


FORMAT .COM (Formats new diskettes) 
SYSGEN.COM (Installs system tracks on diskettes) 
Of these utilities, FIP is the one most often used. It can 


be used to transfer information from on2 peripheral to 
another. The uses cf PIP include printing *o paper the 
contents of a file on diskettes, printing to the screen the 
input from areader device, copying disk files from cne 
source diskette to ancther destination disk, making backup 
copies of a diskette, etc. For more information con the uses 
cf PIP, see the Digital Research literature on the subject. 

The second most pepular utility is STAT. SAT returns 
the status cf files, diskettes, drives, peripherals, ¢tc. 
You can use STAT to determine the size of existing files, 
the space left on a diskette, the size and type cf drive 
connected, the legical input and output devices addressed by 
Gay etc. Again, see the Digitai Research manuals for 
iMmomkaticn. 

ASM and DDT are tools fer the programmer who wishes to 
write assembly language programs. The ASM program assembles 
standard Intel 8080 mnemonic language into machine code. 


DDT will display any portion cf memory, aliow it to be modi- 


fied, and run with breakpoints and controls in the 
sequences. See the manual from Digital Research for mere 
Peon maticn. If you wish to learn about machine language 


code, see the Prompts0 tutorial of this series of tutorials. 

FORMAT and SYSGEN are tools normally not needed by the 
applications user or programmer. If you need to format 4 
new diskette, FORMAT is self documenting. SYSGEN is simi- 
tably self documenting. Note that NO USER DISKETTE SPACE is 
consumed by the system of CP/M. For that reason, there is 
nothing to be saved ty NOT SYSGENing every diskette as it is 
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71 
formatted. The policy of the laboratory is that EVERY disk- 
ette will have CP/M SYSGENed to it. If you need help, see 


~ 


O 


the Digital Research literature. 


2.4 POWERING DOWN THE SYSTEM 

The last issue to be covered is the power-down sequence. 
It is important to remove power in a logical s#quence to 
prevent inadvertent erasure of data on diskettes. 

The first step in shutting down che H-89 is to remove all 
diskettes from the drives. Note that 1£ you remove ea disk- 
ette from a drive with a file still OPEN, the directory for 
@aat file is not accurate, and the file will be lost or 
damaqed. Toc be sure, a good policy is to always return to 
the CF/M prompt "A>" before shutting down. This way all 
files are closed and diskettes are ready «to be removed. 

Once the diskettes are removed, and properly stored, turn 
off the equipment in the inverse of the power on sequence-- 
Main computer first, follcwed by peripherals. Once all 
equipment is turned off, close the disk drive doors to 
reduce the entry of dirt to the drives. The rinter 


requires ne special attention at shutdown. 
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The diskettes of a microcomputer are the key to tne 
utility cf the installation. They do, however, require 
certain care in handling. Do not touch the madnetic 
material visible thrcugh the holes in the covering with your 
hands or with any foreign object. Virtually undistirgui- 
Shable dust particles can ruin a diskette and the read/write 
heads of the drive in which it is installed. Beyond 
physical akuse, tke diskettes are also susceptible to 
Magnetic fields. One of the most common mistakes is +o put 
the diskettes on top cf the computer, in the magnetic field 
cf the Cathcde Ray Tube of the display. Another eneny of 
diskettes is the telephone. When the belli rings, the 
Magnetic field around the instrument is strong encugh to 
erase a diskette if it is nearby. Always return the disk- 
ett} to its jacket when out of the machine, and store care- 
fully, even if it is needed again soon. These lessons have 


been learned with considerable "pain" by others. Be wace! 
y 
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IZ 

This ccncludes the tutorial on the H-89 Microcecmputer and 
peripherals. For mcre detail, see the Heathkit cperatinag 
manuals fer the specific equipmenc. For applicaticns rack- 
ages, see the individual program instructions and manuals 


that acccmpany the software. 
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